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EDITOR'S   PREFACE 


I  HATE  much  pleasure  in  presenting  to  the  members  of  the  Sy* 
denham  Society  a  translation  of  Simon's  ^Cliemistry  of  Man/^  a  work 
that  obtained  for  its  author  a  European  reputation,  and  is  universally 
regarded  as  by  far  the  most  complete  treatise  that  has  yet  appeared 
on  Physiological  Chemistry.  Until  I  became  acq^uainted  with  this 
work  in  1843, 1  entertained  the  idea  of  publishing  a  text-book  oC 
medical  chemistry  with  the  view  of  attempting  to  supply  a  deficiency 
in  the  medical  literature  of  this  country,  which,  I  doubt  not,  has  been 
felt  by  many  of  my  brethren  as  much  as  by  myself.  But  a  careful 
perusal  of  the  "Chemistry  of  Man'^  convinced  me  that  I  should  be 
doing  better  service  to  the  profession  by  undertaking  a  translation  of 
that  work  than  by  the  publication  of  a  separate  treatise.  Impressed, 
with  this  feeling  I  wrote  to  the  author,  who  immediately  ofiered  me 
all  the  assistance  in  his  power,  and  promised  me  a  considerable  amount 
of  original  matter.  I  regret  to  say  that  his  early  and  unexpected 
death  in  the  autumn  of  the  same  year  rendered  this  promise  of  com- 
paratively little  value.  I  have,  however,  freely  availed  myself  of  the 
permission  granted  me  by  the  Council  of  the  Sydenham  Society  to 
insert  such  additions  as  the  progress  of  chemistry,  since  the  original 
publication  of  the  work,  has  rendered  necessary.  These  interpola- 
tions, with  the  exception  of  one  class,  are  distinguished  by  being  in- 
cluded in  brackets.  I  refer  to  the  chemical  essays  of  Simon,  written^ 
with  the  view  of  filling  up  occasional  deficiencies  in  his  < Chemistry 
of  Man,'  and  published  i^y^^^gtramzuy^ysiologischen  und  pa- 
thologischen  Chemie  un%M^||^H^HI|HKxce{1f|^Vas  made 


t  FbyaologMche  und  PathologiKfae  Anthroj^fhwnie  mit  BeruduiditigQng  der  eigeiitlidie&. 
Beriin,  1842. 
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at  tfc«  reqoat  of  Dr.  Simoiu  ind  its  expediencr  ind  fumoB  is  im- 
qoestioaable.  The  'Chemistry  of  Man '  was  preceded  bj  a  Toiume 
etititlcd  'Chemistry  of  the  Proximate  Constitoents  of  the  Animal 
Body/  wfaiehy  being  in  fact  a  distinct  work,  (containing  upwards  of 
500  closely  printed  ptges.)  it  has  been  deemed  imadTisable  to  trans- 
late in  its  original  form.  A  brief  introduction/  in  a  great  measure 
based  opon  it,  has  been  drawn  (q>  by  myself,  with  the  riew  of  facili- 
tating the  perusal  of  the  work  to  those  who  have  not  paid  much  at- 
tention to  the  recent  progress  of  organic  chemistry:  and  having  writ- 
ten it  with  this  object,  I  have  intentionally  excluded  mfliy  topics 
which  some  of  my  readers  may  consider  should  have  found  a  place 
there. 

The  fcdlowing  sketch  of  the  life  and  writings  of  the  author,  brief 
though  it  be,  cannot  be  read  without  interesL  It  affords  a  striking 
illustration  of  the  results  that  combined  energy  and  talent  are  capable 
of  evolving. 

Franz  Simon  was  the  son  of  a  surgeon  residing  at  Frankfort  on  the 
Oder,  and  was  bom  on  the  25th  of  August,  1S07.  He  distinguished 
himself  at  a  very  early  age  as  a  skilful  apothecary;  and,  in  volume 
32  of  *  Brandc's  Archiv.'  we  find  his  essay  on  the  preparation  and 
properties  of  tinctures,  to  which  one  of  the  Hagen-Buchholz  prizes 
was  awarded  in  1829.  E\'en  in  this  essay  we  can  trace  the  germs 
of  some  of  his  future  speculations  in  physiological  chemistr}'.  The 
following  year  he  obtained  the  first  prize  (the  gold  medal)  for  his 
essay  on  the  best  method  of  preparing  infusions  and  decoctions 
(Brande's  Archiv.,  vol.  35,)  a  treatise  equally  remarkable  for  the  ex- 
treme accuracy  and  care  with  which  his  experiments  were  conducted, 
and  for  the  judgment  displayed  in  his  conclusions.  In  the  year  1S33 
Simon  came  from  the  Rhine,  where  he  had  been  practising  as  apothe- 
cary in  different  towns  (Cleve,  Diisseldorf,  Coin,  and  Deutz,)  to  Ber- 
lin, where  he  passed  his  examination  as  apothecary  with  the  highest 
credit,  and  where,  in  addition  to  the  practical  department  of  his  pro- 

<  In  the  oompOation  of  the  Introductkn  I  am  Ukewiae  much  indebted  to  Lchmum*! '  Ma- 
ori of  Fb]r«ological  Cbemistiy;*  and  to  Mulder's  'ChoniMiy  of  Vegetable  and  Aumal 
gwologj.' 
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fession^  he  attended  lectures  on  chemistry  and  pharmacy.  He  noiv 
published  a  small  pamphlet  entitled  ^  A  brief  Examination  of  Pro* 
fessor  Kranichfeld's  Treatise  on  the  Necessity  of  a  Fundamental 
Knowledge  of  Pharmacy  in  relation  to  sound  Afedical  Practice/  one 
of  the  most  argumentative  and  powerful  replies  that  Kranichfeld's 
absurd  and  unfounded  accusation  against  the  German  apothecary  sys- 
tem elicited.  From  this  period  till  the  year  1838  he  devoted  him- 
self to  study,  having,  with  this  view,  given  up  his  public  pharmaceu- 
tical avocations  in  the  year  1835.  He  attended,  for  six  terms,  lectures 
at  the  High  School  of  Berlin,  on  natural  history,  physics,  mathema- 
ticS)  history,  and  philosophy;  he  likewise  published,  conjointly  with 
Dr.  Meklcnburg,  a  tabular  view  of  chemistry  (Berlin,  Hirschwald.) 
Most  of  his  leisure  time  at  this  period  was  devoted  to  toxicology,  a 
subject  on  which  he  and  his  friend  Dr.  Sobernhcim  published  a  trea- 
tise which  is  regarded  throughout  Germany  as  the  standard  work  on 
every  thing  connected  with  poisons  and  poisoning.  Some  of  the 
most  important  original  investigations  on  which  this  work  was  based 
were  originally  published  in  Poggendorf's  Annalcn,  vol.  40, 

On  the  3d  of  October,  1838,  Simon  received  the  degree  of  Doctor 
of  Philosophy  for  his  celebrated  thesis  'De  Lactis  Mulicbris  ratione 
chemica  ct  physiologica,'  which,  in  the  course  of  the  same  year,  was 
published,  with  considerable  additions,  in  the  German  language  (Die 
Frauenmilch,  u.  s.  w.  Berlin,  Forstncr,  1838,)  and  fully  established 
his  reputation  as  one  of  the  most  successful  investigators  of  the  age 
in  the  departments  of  organic  chemistry  and  microscopy.  It  was  re- 
garded by  Berzelius  and  others  of  our  first  chemists  as  the  most  per- 
fect work  on  the  subject  of  which  it  treats. 

In  1839  his  tabular  *  View  of  the  Mineral  Springs  of  Europe,  ar- 
ranged with  especial  regard  to  their  chemical  composition  and  their 
physical  and  chemical  characters '  (Die  Ileilquellen  Europas,  u.  s.  w., 
Berlin,  Forstner,)  made  its  appearance,  a  work  of  very  considerable 
labour,  in  which  he  collected  and  systematically  arranged  no  less  than 
1045  analyses  of  European  mineral  waters;  and  in  1841  we  find  him 
an  extensive  contributor  to  Dr.  Nicolai's  'Manual  of  Medical  Juris- 
prudence,'  having,  in  fact,  executed  the  whole  of  the  chemical  and 

B 


ri  xditor's  frefacc. 

toxicological  portion  of  the  work.  About  this  time  the  first  part  of 
the  *  Chemistry  of  Man'  appeared;  it  was  not,  however,  completed 
till  the  summer  of  1842,  in  consequence  of  Simon's  determination  to 
render  the  work  as  rich  as  possible  in  original  analytical  observationSb 
With  this  view  he  was  a  constant  attendant  at  Schonlein's  clinical 
class,  where  his  chemical  services  were  highly  valued,  as  manifested 
by  the  frequent  reference  made,  to  them  by  that  distinguished  phy- 
sician in  his  published  Clinical  Lectures.  Scarcely  had  Simon  con- 
cluded the  'Chemistry  of  Man '  before  he  entertained  the  idea  of 
editing  a  quarterly  periodical  devoted  to  his  favourite  pursuits,  phy- 
siological and  pathological  chemistry.  It  appeared  under  the  title  of 
'Beitrage  zur  physiologischen  und  pathologischen  Chemie  und  Mi- 
kroskopie,  in  ihrer  Anwendung  auf  die  praktische  Medizin.'  He 
lived  to  edit  only  three  numbers.  The  fourth  (edited  by  his  friend 
Dr.  Minding)  contained  the  melancholy  tidings  of  his  death,  which 
took  place  at  Vienna  on  the  23d  of  October,  1843,  after  an  illness  of 
only  four  weeks.  Though  no  longer  amongst  us,  the  good  that  he 
did  died  not  with  him;  his  works,  no  less  than  his  example,  have  sti- 
mulated others  to  follow  in  his  track,  and  to  build  upon  the  solid  basis 
that  he  has  left  them.  Even  the  very  periodical  that  he  commenced  ^ 
so  shortly  before  his  death  is  still  conducted  (under  a  different  title) 
by  an  able  chemist,  and  is  producing  results  worthy  of  its  original 
founder. 

I  gladly  avail  myself  of  this  opportunity  of  expressing  my  obliga- 
tions to  the  Council  of  the  Sydenham  Society  for  the  promptitude 
with  which  they  accepted  my  suggestion  respecting  the  expediency 
of  publishing  an  English  edition  of  this  work,  and  for  intrusting  me 
with  the  editorship  of  it:  to  one  of  that  body,  Mr.  Ancell,  I  am  very 
deeply  indebted  for  the  kind  and  valuable  assistance  that  he  has  af- 
forded me  in  the  preparation  of  this  volume  for  the  press.  Amongst 
the  many  other  friends  to  whom  my  acknowledgments  are  due,  I 
must  especially  mention  Dr.  Allen  Thomson,  Dr.  Percy,  Dr.  Wright, 

and  Dr.  Golding  Bird. 

G.  E.  D. 

Southwick  Street,  Hyde  Park. 
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The  completion  of  the  *  Chemistry  of  Man '  has  been  unavoidably- 
delayed  beyond  the  time  at  which  it  was  advertised  to  appear,  in 
consequence  of  the  large  number  of  original  analyses  that  1  found  it 
requisite  to  institute.  As,  however,  these  analyses  materially  in- 
crease the  value  of  the  work,  I  trust  that  my  apparent  procrastina- 
tion will  be  readily  forgiven.  The  present  volumes  comprise  phy- 
siological and  pathological  chemistry.  They  treat  of  the  physical 
and  chemical  relations  of  the  fluid  and  solid  portions  of  the  human 
body  in  a  state  of  health,  and  of  the  modifications  they  experience  in 
different  diseases.  Moreover,  in  every  instance,  the  chemical  exami- 
nation of  the  fluids  and  solids  of  the  lower  animals  is  appended  to 
each  chapter.  The  order  in  which  the  various  matters  treated  in 
these  volumes  are  discussed  must  be  regarded  rather  as  natural  tlian 
physiological.  After  the  circulating  fluids,  viz.,  the  blood,  lymph, 
and  chyle,  with  which  I  commence, — 1  treat  of  the  secreted  and  ex- 
creted fluids,  as,  for  instance,  those  of  the  chylopoietic  system,  of  the 
female  breast,  of  the  mucous  membranes  and  skin,  of  the  kidneys, 
&c. :  next  in  order,  I  take  the  faeces  and  vomited  matters.  I  then 
consider  the  various  tissues  that  enter  into  the  composition  of  the 
animal  body,  as,  for  instance,  the  bones,  muscles,  skin,  and  glands; 
and  I  conclude  with  a  description  of  various  solid  and  fluid  morbid 
products,  such  as  calculi,  tubercular  and  carcinomatous  matter,  drop- 
sical effusions,  &c. 

I  have  made  myself  practically  conversant  with  the  most  approved 
methods  of  analyzing  the  different  fluids  and  solids  described  in  this 
work;  and,  as  far  as  my  resources  permitted,  I  have  endeavoured  to 
determine  the  various  physical  and  chemical  modifications  they  un- 
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dcrgo  in  the  course  of  different  diseases.  My  attention  has  been 
especially  directed  to  the  study  of  those  fluids  that  are  of  the  greatest 
importance  to  the  practical  physician.  Within  the  space  of  a  few 
years  I  have  made  about  170  quantitative  analyses  of  various  animal 
matters,  of  which  tlie  very  large  majority  refer  to  human  blood,  milk, 
and  urine,  and  on  which  I  lay  the  foundation  for  the  pathological 
chemistry  of  those  fluids.  In  fact,  without  these  analyses  it  would 
have  been  impossible  to  publish  a  work  worthy  of  the  name  of  *The 
Chemistry  of  Man;'  for  the  essays  of  Andral  and  Gavarret  on  the 
Mood,  and  of  Becquerel  on  the  urine,  did  not  appear  until  I  had  made 
considerable  progress  in  my  work.  1  have  deemed  it,  in  every  case, 
my  duty  to  incorporate  the  results  of  other  chemists  with  my  own, 
and  if,  in  any  instance,  I  have  failed  in  acknowledging  the  sources 
from  which  my  statements  have  been  drawn,  the  fault  is  one  of  in- 
advertence, not  of  design.  All  purely  physiological  matter,  not  bear- 
ing directly  on  chemistry,  has  been  omitted;  but  microscopic  inves- 
tigation, especially  in  those  instances  in  which  it  strengthens  the 
evidence  of  experimental  chemistry,  has  been  deemed  legitimately 
deserving  of  a  place  in  this  treatise. 

My  views  regarding  the  metamorphosis  of  the  blood,  and  its  rela- 
tion to  nutrition  and  animal  heat,  were  first  communicated,  at  Erlangen 
in  the  autumn  of  1840,  to  the  medical  and  chemical  section  of  Asso- 
ciated Naturalists;  and  my  subsequent  researches  into  the  chemical 
constitution  of  the  blood  and  urine  confirm  my  belief  in  their  general 
accuracy.  These  views  may  be  summed  up  in  the  following  terms: 
The  blood  is  subjected  to  a  continuous  metamorphosis,  which  may  be 
regarded  as  the  expression  of  its  vitality.  The  nutrition  of  the  peri- 
pheral system  is  effected  by  the  liquor  sanguinis,  not  by  the  blood- 
corpuscles.  The  liquor  sanguinis  affords  nutriment  to  the  cells  and 
organs,  which  possess  an  inherent  power  of  selecting  proper  material, 
or  of  forming  it  from  non-homologous  matter,  at  the  same  time  se- 
creting the  products  of  decomposition.  The  principal  nutritive  mat- 
ters in  the  liquor  sanguinis  are  albumen,  fibrin,  and  fat  The  chief 
products  of  this  metamorphosis  are  the  extractive  matters  and  lactic 
acid,  which  occur  in  the  excretions^  especially  in  the  urine.     Urea, 
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bilin,  and  carbonic  acid  are  either  not  products  of  the  metamorphosis 
of  the  blood  during  the  act  of  nutrition  in  the  peripheral  system,  or 
at  most  they  are  only  in  part  formed  by  it  They  must  be  regarded 
as  products  of  the  vital  energy  of  the  blood-corpuscles,  which,  doubt- 
less, possess  the  same  power  of  attracting  nutriment,  and  of  throwing 
off  decomposed  products,  as  other  living  cells.  The  proper  nutri- 
ment of  these  corpuscles  is  oxygen,  albumen,  and  probably  also  fat, 
which  are  furnished  them  by  the  liquor  sanguinis.  The  most  im- 
portant products  of  their  metamorphosis  are  carbonic  acid,  urea,  fibrin, 
extractive  matters,  and  very  probably  some  of  the  constituents  of  the 
bile.  The  leading  and  most  important  object  of  this  vital  energy  of 
the  blood-corpuscles  is  the  production  of  animal  heat,  without  which 
every  function  of  the  organism,  nay,  even  life  itself,  would  be  instan- 
taneously annihilated.  The  production  of  animal  heat  is  due  to  the 
combination  of  oxygen  with  the  carbon  of  the  globulin;^  the  principal 
products  of  this  reaction  are  carbonic  acid  and  urea,  or  uric  acid, 
(which  is  excreted  as  a  substitute  for  urea  in  most  of  those  classes  of 
animals  in  which  elliptic  blood-corpuscles  occur.)  The  urea  excreted 
may  thus  be  regarded  as  a  measure  or  equivalent  of  the  animal  heat 
devclopecT 

The  production  of  blood-corpuscles  and  the  formation  of  blood  are 
intimately  connected  with  nutrition :  when  the  food  is  too  scanty  and 
insufficient,  the  amount  of  blood,  and  especially  of  blood-corpuscles,  is 
diminished;  when  the  nutriment  is  proper  and  abundant,  the  reverse 
takes  place.  In  the  former  case,  therefore,  tlie  vital  energy  is  de- 
pressed, the  secretions  and  excretions  are  diminished,  and  the  animal 
heat  sinks;  while  in  the  latter  case  exactly  the  reverse  is  observed. 
In  the  normal  state  there  is  an  equilibrium  preserved  between  the  pro- 
duction and  consumption  of  blood-corpuscles.  The  food  is  prepared, 
and  to  a  certain  extent  assimilated,  before  it  enters  the  blood.  The 
vital  energy  of  the  blood-corpuscles  continues  even  during  a  perfect 
abstinence  from  food,  and  carbonic  acid  and  urea  continue  to  be  formed, 

*  [SmioD*s  TJews  refpecting  the  production  of  animal  heat  approximate  closely  to  thoae  ex- 
pnaed  by  our  oountryman,  Mr.  Aneell,  in  his  11th  kcture  on  die  blood.  See  Lancet,  1640, 
voL  1.  p.  029»  or  Dr.  PtMDcr'i  Gennan  edhkn  of  the  oolkctod  lectnrei,  p.  200.] 
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although  their  amount  gradually  diminishes  in  a  direct  ratio  with  the 
diminution  of  the  blood-corpuscles. 

Moreover,  the  amount  of  carbonic  acid  and  the  formation  of  urea 
are  lessened  by  a  torpid,  and  increased  by  an  excited  circulation;  and 
in  proportion  to  the  amount  of  corpuscles  and  to  the  rapidity  of  the 
circulation,  so  much  the  higher  is  the  animal  temperature.  Thus  in 
birds  we  observe  a  high  temperature,  and  the  reverse  in  the  amphibia. 
In  chlorotic,  and  also  in  yery  aged  persons  wc  find  a  low  temperature, 
and  a  diminished  excretion  of  urea,  while  in  inflammatory  diseases,  and 
after  prolonged  corporeal  exertion  the  temperature  rises,  and  there  is 
either  a  relative  or  an  absolute  increase  of  urea;  in  the  former  case, 
even  in  the  absence  of  all  nitrogenous  food.  The  capillary  and  cu- 
taneous systems  tend  to  regulate  an  excessive  rapidity  of  the  circula- 
tion, and  to  prevent  the  animal  heat  from  exceeding  a  certain  limit 

If  we  only  knew  whether,  and  in  what  manner,  the  pulmonary  ex- 
halation is  changed  in  various  diseases,  (especially  in  relation  to  the 
amount  of  carbonic  acid  contained  in  it,)  whether  the  carbonic  acid 
always  increases  relatively  with  the  urea,  or  in  certain  cases  with  the 
uric  acid,  and  if  further,  we  possessed  experiments  illustrative  of  the 
effects  of  diseases,  and  of  varied  diet  on  the  bile,  we  should  then  have 
a  more  solid  basis  than  we  now  occupy,  on  which  to  found  our  che- 
mical inquiries,  while  the  acquisition  to  the  science  of  medicine  would 
be  positive  and  incalculable.  The  questions  here  invoked  must,  how- 
ever, unfortunately,  at  the  present  time,  be  regarded  as  unanswerable. 
IVe  cannot  doubt  that  the  pulmonary  exhalation  does  vary,  under 
different  circumstances,  in  the  amount  of  carbonic  acid;  for  instance, 
more  carbonic  acid  is  exhaled  during  prolonged  corporeal  exertion 
than  when  the  body  is  in  a  state  of  repose;  although,  as  far  as  I  am 
aware,  no  experiments  on  this  subject  have  yet  been  instituted.^  We 
have,  however,  conclusive  evidence  that  the  amount  of  urea  is  in- 
creased under  these  circumstances. 

On  the  other  hand,  in  the  researches  of  Trommer  regarding  the 
passage  of  sugar  into  the  portal  blood  of  horses,  this  substance  could 

1  [The  experiiiHnits  of  Scharling  on  this  subject  were  nmdc  aAer  the  publication  of  tLc 
*  Cbeniistiy  of  Man.'    A  brief  notice  of  them  is  g;iven  in  p.  113  of  this  volume.] 
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not  be  detected  in  the  chyle  nor  in  the  arterial  or  venous  bloody  which 
renders  it  more  than  probable  that  the  liver  not  only  serves  the  pur- 
pose of  modifying  the  composition  of  the  blood,  but  likewise  effects 
the  object  of  altering  or  removing  abnormal  substances  from  it  that 
have  been  absorbed  by  the  mesenteric  veins.  Hence  this  organ  ap- 
pears, in  a  certain  degree,  to  take  a  share  in  the  process  of  digestion, 
an  opinion  supported  by  Berzelius.  Future  investigations  respecting 
the  functions  of  the  liver  may  lead  to  very  important  results,  and 
throw  much  light  on  many  of  the  most  obscure  departments  of  phy- 
siology. 

Although  very  little  has  yet  been  done  in  physiological  and  patho- 
logical chemistry,  the  rational  physician,  who  ventures  to  cast  aside 
the  trammels  of  dogmatism  and  empiricism,  cannot,  for  an  instant, 
doubt  that  pathology,  therapeutics,  and  diagnosis,  are  only  safely  based 
on  chemistry,  physiology,  and  morbid  anatomy:  he  cannot  entertain 
a  doubt  that  the  same  chemistry  with  which  he  scans  the  changes  in 
crude  inorganic  matter,  will  likewise  enable  him,  if  not  at  present, 
yet  surely  at  some  future  period,  to  detect  the  variations  in  the  com- 
position of  the  animal  fluids  and  solids,  some  of  which  are  dependent 
on  physiological,  others  on  pathological  causes,  and  will  throw  a  new 
light  on  the  normal  functions  of  the  organism,  as  well  as  on  the  va- 
rious processes  of  disease. 

After  contemplating  the  dependence  of  vital  manifestations  on  the 
unceasing  metamorphosis  of  the  animal  body,  and  the  secretions  and 
excretions  as  its  products;  after  glancing  at  the  physical  and  chemical 
modifications  that  these  secretions  and  excretions  undergo  in  nume- 
rous pathological  conditions,  and  observing  how  these  changes  affect 
the  structure  and  chemical  conditions  of  the  different  organs,  we  can 
no  longer  entertain  a  doubt  that  all  morbid  phenomena  are  accom- 
panied by  metamorphoses  in  the  organism,  different  from  those  that 
occur  in  the  normal  condition.  But  it  will  require  an  immense  num- 
ber of  analyses  in  order  to  ascertain  and  determine  these  modifica- 
tions, to  express  them  in  definite  terms,  to  connect  them  duly  with 
functional  disturbances  in  the  organism,  or  with  other  symptomatic 
phenomena;  and,  finally,  as  far  as  possible,  to  endeavour  to  discover 
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their  origin.  In  such  researches  the  mere  chemist  can  do  little:  in 
order  to  produce  results  really  serviceable  to  science,  physiology  and 
pathology  are  as  essential  as  chemistry  itself,  and  no  one  can  hope  to 
advance  this  department  of  scientific  inquiry  who  does  not  include, 
in  his  OTini  person,  the  chemist,  the  physiologist,  and  the  pathologist 

Every  science  is  slowly  and  gradually  developed.  Physiological 
and  pathological  chemistry  forms  no  exception  to  this  rule:  it  is  still 
a  mere  infant  science,  that  has  scarcely  attained  a  self-dependent  ex. 
istence.  The  reader  must  therefore  not  require  of  this  work  more 
than  the  present  state  of  the  science  will  enable  me  to  present  him 
with.  He  will  find  in  it  chemical  facts  which  the  physiologist  and 
pathologist  may  render  of  further  service:  the  few  scattered  ideas 
concerning  the  metamorphosis  of  the  blood,  and  the  probable  con- 
nexion between  various  diseases  and  certain  modifications  in  the  com- 
position of  the  different  animal  fluids,  may  serve  as  connecting  links 
for  further  investigations. 

The  materials  for  my  analyses  have  been  chiefly  derived  from  the 
Charit6  (hospital)  of  this  city,  from  some  of  the  public  diniques,  from 
private  practice,  and  from  the  royal  veterinary  school.  I  gladly  avail 
myself  of  this  opportunity  of  publicly  expressing  my  thanks  to  Drs. 
Sch5nlein.  Wolff,  and  Romberg,  as  well  as  to  Professors  Gurlt  and 
Hertwig,  and  the  other  professional  friends  who  have  favoured  me 
with  their  advice  and  assistance.  I  must  likewise  express  my  obli- 
gation to  Dr.  V.  Behr,  who  assisted  me  for  a  considerable  time  in  my 
researches  on  the  urine. 

That  this  work  may  succeed  in  encouraging  a  taste  for  the  depart- 
ment of  science,  whose  cultivation  and  further  development  is,  at  the 
present  time,  imperatively  demanded  by  the  medical  public,  is  the 

most  sincere  wish  of 

The  Author. 

BaRLi9,  April,  1842. 
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CHEMISTRY    OF    MAN. 
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INTRODUCTION. 


Ths  proximate  constituents  of  the  animal  body  may  be  divided 
into  two  great  classes,  the  mineral  and  the  organic;  each  of  which 
admits  of  several  sub-divisions. 


I.  MINERAL  CONSTITUENTS. 

The  Mineral  Comtittunis  may  be  advantageously  classed  in 
three  groups,  comprising,  i,  Those  which  are  of  service  in  the  ani* 
mal  body,  in  consequence  of  their  physical  properties;  u.  Those 
which  effect  important  objects  in  the  system  oy  their  chemical  ac- 
tions; and  ni,  Tliose  which,  being  only  incidentally  present,  may 
be  eliminated  without  exerting  any  unfavourable  enect  on  the 
economy.     * 

CLA58  I»    CONSTirUENTS  USEFUL  BT  TBJBIR  PHTSICJlL  YaOPXETIXS. 

1.  Water.  This  substance  is  so  universally  diffused,  and  its  uses 
are  so  obvious  as  to  render  any  observations  unnecessary. 

2.  Phosphate  of  limey  m  the  importance  of  its  physical  proper- 
ties to  the  animal  organism,  undoubtedly  ranks  next  to  water. 
Phosphate  of  lime  or,  as  it  is  often  termed,  bone-earth,  consists  of  8 
eq.  ot  lime  and  3  eq.  of  phosphoric  acid ;  its  empirical  formula  there- 
fore is  8  Ca  0+3rO^  but  there  can  be  no  doubt  that  it  is  a  com- 
pound of  two  tribasic  phosphates  of  lime,  namely  2  Ca  0,  HO, 
PO^ + 2  (3Ca  0,  PO,).  It  consists  of  51  -55  parts  of  lime,  and  48-45  of 
phosphoric  acid.    It  occurs  in  bone,  blood,  milk,  urine,  faeces,  &c 

3.  Carbonate  of  time  forms  the  principal  part  of  the  skeleton  in 
the  invertebrata;  it  also  occurs  in  greater  or  less  proportion  in  the 
bones  of  the  higher  animals  and  man,  in  the  urine  of  the  gramini- 
vora,  and  in  certain  morbid  concretions.  It  contains  56*29  parts  of 
lime  and  43'71  of  carbonic  acid. 

4.  Phosphate  qf  magnesia  is  very  frequently  associated  with 
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phosphate  of  lime.  In  a  crystalline  state  its  formula  is  HO,  2Mg  0, 
PO^  +  2H0  +  12H0.  (Graham  in  Phil.  Trans.  1837.)  It  occurs  in 
bone,  blood,  milk,  shell  of  eggs,  urine  of  man  and  carniyora,  intes- 
tinal concretions,  faeces,  &c.  After  the  remoyal  of  the  water  of 
crystallization  it  consists  of  36*67  parts  of  magnesia,  and  63-33  of 
phosphoric  acid. 

Phosphate  of  magnesia  and  ammonia,  or,  as  it  is  frequently 
termed  ammonia^o-magnesian  phosphate,  is  a  perfectly  distinct 
salt  Like  the  former,  it  is  a  tribasic  salt,  of  which  the  3  atoms  of 
base  are,  1  atom  of  oxide  of  ammonium,  and  two  atoms  of  mag- 
nesia, with  12  atoms  of  water  of  crystallization,  10  of  which  may  be 
expelled  without  any  loss  of  ammonia.  Its  formula  therefore  is 
NH^  0,  2  MgO,  PO^  -{-  2  HO  -{- 10  HO.  Crystals  of  this  salt  have 
been  observed  in  the  excrements  in  typhus  and  other  diseases;  it  is 
also  present  in  certain  states  of  the  urine,  and  is  a  frequent  con- 
stituent of  urinary  calculi. 

5.  FlxAoHde  qf  calcium^  occurs  in  the  animal  oi^ganism  in  very 
minute  quantity.  It  is  much  more  abundant  in  fossil  than  in  retent 
bones. 

CLASS  n.   C0K8TITUENTS  USEFUL  BT  THSIR  CHXMICAL  PEOPSBTIXS. 

1.  Hydrochloric  acid  exists  in  the  digestive  fluid  of  man,  of  the 
mammalia  generally,  and  of  birds.  It  has  been  detected  by  Leh- 
mann  in  morbid  saliva. 

2.  Hydrofluoric  acid  has  only  been  detected  in  the  gastric  secre- 
tion of  birds. 

3.  Chloride  qf  sodium  exists  in  the  blood,gastric  juice,  urine,  bone, 
cartilage,  &c. 

4.  Carbonate  of  soda  is  a  very  common  ingredient  In  the  ash  of 
animal  substances;  in  most  cases  it  is  derived  from  compounds  of 
•soda  with  organic  acids,  especially  lactic  acid.  It  is  also  found  in 
the  urine  of  t^e  graminivora. 

5.  Phosphate  of  soda  occurs  in  the  blood,  lymph,  chyle,  bile, 
milk,  and  urine.  Its  formula  is  HO,  2  Na  0,  PO  -f  24  HO.  On 
the  addition  of  muriate  of  ammonia  to  a  solution  or  ttiis  salt,  we  ob» 
tain  the  ^sal  microcosmicus"  of  the  older  chemists,  which  is  found 
in  considerable  quantity  in  decomposed  animal  fluids;  its  formula  is 
HO,  NH^  0,  Na  0,  PO^  +  8  HO.  The  recent  investigations  of  En- 
derlin  tend  to  prove  that  the  phosphate  of  soda  that  most  commonly 
occurs  in  the  animal  fluids  and  tissues,  contains  3  atoms  of  soda,  and 
may  be  represented  by  the  formula  3  Na  0,  PO^ 

6.  Chloride  qf  calcium  is  found  in  the  gastric  juice  and  saliva. 

7.  Chloride  qfiron  (apparently  the  proto-salt)  occurs  in  the  gas- 
tric juice. 

8.  Iron  is  found  in  considerable  quantity  in  hsematin,  the  prin- 
cipal colouring  matter  of  the  blood;  also  in  lymph,  chyle,  black 
.pigment  of  the  eye,  hair,  &c.     In  what  state  it  exists,  whether  as  a 
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peroxide  or  protoxide,  or  either,  is  not  known.  It  is  also  found  in 
lesser  proportion  in  bile,  urine,  sweat,  milk,  &c.  In  some  of  these 
fluids  it  is  stated  to  exist  as  a  phosphate. 

• 

CLASS  m.    INCIDENTAL  CONSTITUSNTS. 

1.  Chloride  o/poiassium  is  found  in  almost  all  the  animal  fluids. 

8.  Alkaline  sulphates  occur  in  small  quantity  in  most  of  the 
animal  fluids,  in  the  blood,  milk,  urine,  and  sweat  Mitscherlich 
could  not  detect  any  alkaline  sulphates  in  the  saliva,  and  Liehmann 
has  recently  shown  that  they  do  not  exist  in  the  bile,  although  they 
may  be  produced  in  the  ash. 

3.  Carbonate  of  magnesia  has  been  found  in  alvine  concretions^ 
urinary  calculi,  &c,  in  man  and  the  mammalia.  It  occurs  in  con- 
siderable quantity  in  the  urine  of  the  graminiyora,  and  is  a  consti- 
tuent of  the  shell  of  the  egg.  Berzelius  suggests  the  probability  of 
magnesia  being  contained  m  bone,  not  as  a  phosphate  but  as  a  carbo- 
nate, and  that  the  phosphate  of  magnesia  is  produced  during  ana- 
lysis. 

4.  Manganese  has  been  found  in  the  hair;  it  has  also  been  de- 
tected in  human  gall-stones,  (in  one  instance  there  was  found  as 
much  as  0*3^^  of  the  protoxide  of  manganese,)  and  traces  of  it  have 
been  observed  in  the  urinary  calculi  of  the  eraminivora. 

5.  Silica  has  been  found  in  small  quantity  in  the  enamel  of  the 
teeth,  in  bone,  urine,  urinary,  intestinal,  and  biliary  calculi,  hair,  and 
saliva.  It  is  found  in  considerable  quantity  in  the  excrements^ 
the  amount  varying  with  the  nature  of  the  food.  In  the  sheep  the 
excrements  have  been  observed  to  contain  as  much  as  6*0^  of  silica. 

6.  Jilufnina.  Traces  of  this  substance  were  detected  by  Vau- 
quelin,  in  human  bones;  it  has  been  found  in  considerable  quantity 
in  fossil  teeth  and  horns.  The  circumstance  of  its  being  an  occa- 
sional constituent  of  intestinal  concretions  coincides  with  Lehmann^s 
experiments,  in  which  he  found  that  when  alumina  was  introduced 
into  the  system,  it  was  carried  ofi*  by  the  faeces. 

7.  Arsenic  was  recently  stated  by  Oriila  to  be  a  normal  constituent 
of  human  bone.  This  opinion  has,  however,  since  been  withdrawn* 
and  there  is  little  doubt  that  there  was  some  fallacy  in  his  experi- 
ments. 

8.  Copper  is  considered  by  Devergie,  Lefortier,  and  Orfila,  to  be 
a  normal  constituent  of  all  the  soft  parts,  as  well  as  of  the  blood  of 
healthy  persons.  Devergie'  analyzed  the  viscera  of  five  persons  and 
found  it  in  every  instance.     It  has  also  been  found  in  the  sweat. 

^  Hie  nolilioo  }  repiMeotf  p«  oentage. 

*  Tham  obKrvattons  h«?e  leoently  been  confirmed  by  M.  Barse,  who  suooeeded  in  finduip 
bodi  oopps  and  lead  in  the  bodies  of  two  nenons  to  whom  tbej  could  not  have  been  given 
firDoimuk  bveiiMi  6fvim1lw  analyiea  of  signor  Cattanei  that  neitber  of  then  metals  exists 
in  tte  bodies  of  new-bom  chfldran  or  infimta;  and  RosBignQa  has  receott)r  pointed  out  the 
fiom  whkk  die  bodies  of  adults  probably  derive  their  copper.  He  has  found  Ifais 
I  griiiiDy  cliOoniatHi  fanidi  eofibsy  waigUf  dec. 
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9.  Lead  has  been  found  by  these  chemists  in  the  same  cases  as 
copper. 

10.  Ammoniacal  salts.  In  the  blood,  lyinphy  chyle,  and  milk, 
there  are  no  appreciable  ammoniacal  salts.  They  have  been  ob- 
served in  some  cases  in  the  sweat,  and  they  occur  in  a  small  propor- 
tion in  the  urine. 


11.  ORGANIC  CONSTITUENTS. 

The  Organic  Constituents  may  be  arranged  in  two  principal 
groups,  the  former  embracing  the  nitrogenous,  the  latter  the  non- 
nitrogenous  matters.  In  the  nitrogenous  group  we  have  protein,  and 
its  various  modifications — gelatin,  bilin,  and  the  products  of  its  me- 
tamorphosis— haematin,  urea,  uric  acid,  &c:  in  the  non-nitro- 
genous we  place  the  animal  sugars,  fats,  lactic  and  acetic  acids, 
&c.  &c. 

CLASS  I.    NITROGENOUS  CONSTITUENTS. 

I.  Protein* 

Under  this  head  we  shall  consider  three  veiy  important  com- 
pounds which  are  formed  in  the  vegetable  kingdom,  and  which  are 
also  found  to  constitute  the  greater  part  of  the  animal  body.  These 
are  Albumen,  Fibrin,  and  Casein.  Two  most  important  discoveries 
have  recently  been  made  regarding  these  substances.  The  first  is 
the  discovery  made  by  Mulder  that  albumen,  fibrin,  and  casein  are 
nothing  more  than  modifications  of  one  compound  to  which  he  has 
given  the  name  of  Protein^  (firom  ttc^ttw^  I  am  first,)  which  may  be 
regarded  as  the  commencement  and  starting-point  of  all  the  tissues: 
the  second  is,  that  protein,  in  every  respect  identical  with  that 
which  forms  the  basis  of  the  three  aforesaid  animal  principles,  may 
be  obtained  from  similar  elements  in  the  vegetable  kingdom.  When 
the  newly-expressed  juices  of  vegetables  are  allowed  to  stand,  a 
separation  takes  place  in  a  few  minutes.  A  gelatinous  precipitate 
commonly  of  a  green  tinge  is  deposited,  and  this,  when  acted  on  by 
liouids  which  remove  the  colouring  matter,  leaves  a  grayish  white 
substance,  which  has  been  named  vegetable  fibrin.  It  separates 
from  the  vegetable  juice  in  which  it  was  originsdly  dissolved  exactly 
as  fibrin  does  from  blood. 

When  the  clarified  juice  of  nutritious  vegetables,  such  as  cauli- 
flower, asparagus,  mangel-wurzel,  or  turnips,  is  made  to  boil,  a  co- 
agulum  is  formed  which  it  is  absolutely  impossible  to  distinguish 
from  the  substance  which  separates  as  a  coagulum,  when  the  serum 
of  blood,  or  the  white  of  an  eg£,  diluted  with  water,  is  heated  to  the 
boiling  point.    This  is  vegetable  albumen. 

Vegetable  casein  is  chiefly  found  in  the  seeds  of  peas,  beans,  len- 
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tils,  and  similar  leguminous  seeds.  Like  vegetable  albumen,  it  is 
soluble  in  water,  but  differs  from  it  in  this,  Uiat  its  solution  is  not 
coagulated  by  heat  When  the  solution  is  heated  or  evaporated, 
a  skin  forms  on  its  surface,  and  the  addition  of  an  acid  causes  a  co- 
agulum  just  as  in  animal  milk. 

^The  chemical  analysis  of  these  three  substances  has  led  to  the 
very  interesting  result  that  they  contain  the  same  organic  elements 
united  in  the  same  proportion  bv  weight;  and  what  is  still  more  re- 
markable that  they  are  identical  in  composition  with  the  chief  con- 
stituents of  blood,  animal  fibrin  and  albumen. 

They  all  three  dissolve  in  concentrated  muriatic  acid,  with  the 
same  deep  purple  colour,  and  even  in  their  physical  characters 
animal  fibrin  and  albumen  are  in  no  respect  different  from  vesetable 
fibrin  and  albumen.  It  is  especially  to  be  noticed,  that  by  the 
phrase  identity  of  composition  we  do  not  here  imply  mere  similarity, 
but  that,  even  in  r^ard  to  the  presence  and  relative  amount  of  sul- 
phur, phosphorus,  and  phosphate  of  lime,  no  difference  can  be 
observed.*'* 

When  animal  or  vegetable  albumen,  fibrin,  or  casein  is  to  be  used 
fpr  the  extraction  of  protein  in  a  state  of  purity,  the  following 
steps  are  to  be  taken.  The  selected  substance  is  successively 
washed  with  water,  alcohol,  and  ether,  for  the  purpose  of  removing 
extractive  matter,  fat,  and  soluble  salts.  It  is  then  treated  with  di- 
lute hydrochloric  acid,  which  extracts  the  phosphate  of  lime  and  any 
other  insoluble  salts  that  may  happen  to  be  present  We  now  dis- 
solve it  in  a  moderately  strong  solution  of  caustic  potash,  and  keep 
the  solution  for  some  time  at  a  temperature  of  120%  whereby  the 
sulphur  and  phosphorus  that  are  present  fbrm  phosphate  of  potash 
and  sulphuret  of  potassium. 

The  protein  is  then  to  be  thrown  down  from  the  solution,  after 
filtration,  by  acetic^acid,  which  must  be  added  only  in  very  slight 
excess,  as  otherwise  the  precipitate  would  be  redissolved.  It  must 
then  be  collected  on  a  filter  and  careftilly  washed  till  every  trace  of 
acetate  of  potash  is  removed. 

*  In  this  state  it  occurs  in  the  form  of  grayish  white  gelatinous 
flocks,  which,  when  dried,  become  hard  and  yellow,  and  give  an 
amber-coloured  powder.  It  is  insoluble  in  water,  alcohol,  and  ether, 
and  is  devoid  of  odour  and  taste.  It  readily  absorbs  moisture,  and 
swells  up,  but  regains  its  original  fbrm  upon  being  heated  to  212^ 

Mulder  has  analyzed  protein  from  animal  and  vegetable  albumen, 
from  fibrin,  and  from  cheese  or  casein;  Scherer  has  analyzed  it  fi*om 
animal  albumen  and  fibrin,  from  the  crystalline  lens,  from  hair,  and 
from  horn;  and  Dumas  from  animal  albumen  and  casein. 

The  formuloe  which  these  chemists  have  assigned  to  it  approxi- 
mate closelv  to  each  other,  although  they  are  not  absolutely  identi- 
caL    As  Mulder's  original  formula  has  been  confirmed  by  the  re- 


Lidbig's  AubimI  Cbnuitiy,  fruuiated  by  Ovegoiy,  p.  47. 
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cent  investigationa  of  Schrdder  and  Von  Laer,  we  shall  adopt  it  as 
the  correct  symbol  of  the  composition  of  this  substance.  Accord- 
ing to  this  view  the  Composition^  of  an  atom  of  protein  is  repre- 
sented by  the  formula  C^  H,^  N^  0^.     Its  atomic  weight  is  5529*5^ 

oxygen  being  100,  and  its  symbol  is  Fn  It  burns  when  exposed  to 
the  air,  without  leaving  any  ash.  When  boiled  for  a  considerable 
time  in  water,  with  firee  exposure  to  the  air,  protein  becomes  slowly 
oxydized.    We  shall  revert  to  this  subject  presently. 

rrotein  combines  bolli  with  acids  and  bases;  It  dissolves  in  all 
verv  dilute  acids,  and  forms  with  them  a  kind  of  neutral  compound, 
which  is  insoluble  or  nearly  so  when  there  is  an  excess  of  the  acid 
present  Hence  if  sulphuric,  hydrochloric,  or  nitric  acid  be  added 
to  a  solution  of  protein  in  a  dilute  acid,  the  protein  is  precipitated  in 
an  insoluble  state;  if  however  the  excess  of  acid  is  removed  by  care- 
ful washing,  the  precipitate  becomes  again  dissolved.  Acetic  acid 
and  the  ordinary  (tribasic)  phosphoric  acid  constitute  an  exception 
to  this  rule,  as  they  dissolve  protein  in  all  proportions.  Protein  may 
be  precipitated  from  any  of  its  acid  solutions  by  ferrocyanide  and 
ferridcyanide  of  potassium,  by  tannin,  by  anhydrous  alcohol,  by  va- 
rious metallic  salts,  and  by  the  alkalies. 


The  Metamorphoses  of  Protein,  o.  Sulphuric  acid  and  pro- 
tein.  On  the  addition  of  concentrated  sulphuric  acid  to  protein  or 
to  an^  of  its  modifications  (albumen,  fibrin,  or  casein)  a  gradual 
swelling  ensues,  and  the  substance  assumes  a  gelatinous  appearance. 
On  the  addition  of  water  it  contracts,  and  it  is  found  to  be  perfectly 
insoluble  in  that  fluid.  It  must  be  collected  on  a  filter  and  boiled 
in  water  as  lone  as  a  solution  of  baryta  indicates  that  any  sulphuric 
acid  is  being  given  ofi*:  it  must  then  be  heated  with  alcohol,  and 
dried  at  a  temperature  not  exceeding  260°.  This  is  sulphqproteic 
acid.  It  appears  as  a  ydlow  mass,  is  not  easily  pulverized,  and  is 
insoluble  in  water,  alcohol,  and  ether,  but  dissolves  in  potash  and 
ammonia.  The  salts  of  silver,  copper,  lead,  and  iron  yield  precipi- 
tates with  the  alkaline  solutions  of  this  apid.    Its  formula  is  C^  H,, 

On  the  cautious  addition  of  dilute  sulphuric  acid  to  an  acetic  acid 
solution  of  protein,  we  obtain  Mulder's  sulpho-bi-proteic  acid, 
which  is  then  thrown  down  as  a  flocculent  precipitate.  After  wash- 
ing it,  and  drying  it  at  a  temperature  not  exceeding  260%  it  assumes 
a  white  appearance,  and  may  be  easily  pulverized.  Widi  the  alka- 
lies it  forms  solutions  from  which  many  of  the  metallic  salts  throw 
down  insoluble  compounds.  Mulder  considers  that  it  is  composed 
of  two  atoms  of  protein,  two  of  water,  and  one  of  sulphuric  acid; 
hence  it  may  be  expressed  by  the  formula  C„  H^,  N^  O^+H^  0^+ 

1  Liebig*8  formula  for  proteiD  is  C„  H„  N,  O.^.    The  numerical  results  afibnled  by 
these  fonnulffi  approximate  very  dotefy.    See  Appenoiz  I,  Note  1. 
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If  protein  (or  tny  of  its  modifications)  be  boiled  in  dilute  sulphu- 
ric acid,  a  beautiful  purple  tint  is  evolved. 

IS.  Hydraehtoric  add  and  protein.  Mulder  has  formed  a  hy- 
drochknro-proieic  add  in  the  same  manner  as  the  sulpho-proteic 
acid.  Its  formula  is  C  H„  N  0^+  H,  0,+  H  Cl.  When  pro- 
tein  is  boiled  in  strong  hydrochloric  acid  the  solution  is  at  first  yel- 
low, but  it  gradually  merges  into  a  blue  tint  This  change  of  co- 
lour does  not  occur  if  the  atmospheric  air  is  excluded. 

7.  Nitric  acid  and  protein.  On  the  addition  of  nitric  acid  to 
protein  or  to  any  of  its  modifications,  nitrogen  and  a  little  nitric 
oxide  are  evolved,  oxalic  acid  and  nitrate  of  ammonia  are  formed, 
and  there  remains  undissolved  a  bright  yellow  matter,  which  on 
being  dried  assumes  an  orange  tint,  and  which  is  known  as  Xantho- 
proteic aekL  It  is  devoid  bS  smell  and  taste,  although  it  slightly 
reddens  moistened  litmus  paper.  It  is  insoluble  in  water,  alcohol, 
and  ether.  It  dissolves  in  strong  mineral  acids,  but  is  precipitated 
on  the  addition  of  water;  with  the  alkalies  it  forms  dark  red  soluble 
salts,  and  metallic  salts  throw  down  yellow  precipitates.  In  a  state  of 
combination,  the  formula  for  this  acid  is  U^  II^  N^  0^;  when  free 
it  contains  two  atoms  6f  water. 

The  changes  which  occur  in  the  production  of  this  acid  may  be 
illustrated  by  the  equatioi^-* 

1  At  Pkolein     .    .    .    .    C^.  B..  N.  O..    3  At  Ozalk  acid        .    .    C.  O. 

1  At  llittagen      ......    N 

2  At  AmmoDHi     •    •    .    •    .  H,  N, 
1  At  Hydraled  xantbopro- 

tele  arid    .    .    .    .    .    C„H„N,  O,, 


9AtNilikMid N,0„ 

lAtWtaer a         O 


kiA^.iirf4rf...^A^ 


6.  Chlorine  and  protein.  On  passing  a  current  of  chlorine  gas 
through  a  solution  of  any  of  the  protein-compounds,  (albumen, 
fibrin,  or  casein,)  a  white  flocculent  precipitate  is  thrown  down. 
After  washing  i^  and  carefiitly  drying  it  at  a  temperature  of  212°, 
Mulder  deduced  from  it  the  formula  C^  H  N^  Ou+Cl  O3.  He 
termed  it  chloro-protetc  add.  It  appears  from  his  investigations 
that  the  protein  remains  unchanged,  but  that  a  portion  of  the  water 
is  decomposed,  and  that  its  oxygen  combines  with  chlorine  to  form 
chlorous  acid  ( Cl  0^)  while  its  hydrogen  combines  with  another 
portion  of  chlorine  to  form  hydrochloric  acid  (H  Cl)  which  remains 
m  solution  in  the  water.^ 

When  ammonia  is  added  to  the  chlofod-proteic  acid,  the  latter 
substance  dissolves,  and  gives  off  a  large  amount  of  nitrogen.  The 
solution  must  be  evaporated  to  dryness,  and  then  treated  with  warm 
water,  which  takes  up  a  portion  of  the  residue.  On  the  addition  of 
alcohol  to  this  aqueous  solution,  a  precipitate  is  thrown  down,  while 
muriate  of  ammonia  remains  in  solution.  This  precipitate  is  com- 
posed of  a  substance  of  great  physiological  interest     Its  formula*  is 

*  That  thk  oompoond  is  a  chlorite  of  protem  and  not  a  chloride  of  tritoxide  of  protein  seems 
oertab  from  its  analogjr  with  a  coneyiding  smnpoAd  cf  gelatin. 

•  See  Appendix,  I,  Nolo  8. 
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C40  H31  N5  Ois+HO.  Mulder  originally  termed  it  oxyproieifiy  but 
he  has  recently  given  it  the  more  deacriptive  name  ot  tritoxide  of 
proteiiif  without  howeyer  intending  to  imply  any  thing  more  than 
that  it  contains  three  atoms  more  oxygen  than  protein.  There  is 
another  and,  in  theory,  a  simpler  method  of  obtaining  this  compound. 
When  fibrin  or  albumen  of  inflamed  or  healthy  blood,  of  serum  of 
the  blood,  or  of  hen's  eggs,  is  boiled  with  water,  after  four  hours* 
boiling,  principles  are  a^ays-  obtained  which  are  soluble  in  water, 
whibt  the  greater  part  remains  undissolved.  On  rq)eating  the  ebul- 
lition every  four  hours  with  fresh  water,  fresh  quantities  of  soluble 
matter  are  extracted,  the  insoluble  portion  becoming  poorer  in  carbon, 
hydroeen,  and  nitrogen,  but  richer  in  oxygen,  until  the  composition 
is  finaUy  constant  Moreover,  the  portion  of  albumen  or  fibrin  so- 
luble in  water  when  evaporated,  extracted  with  alcohol,  and  treated 
with  cold  water,  is  almost  entirely  soluble  in  it,  and  likewise  con- 
tains less  carbon,  hydrogen,  and  nitrogen,  but  more  oxygen  than 
protein.  The  substances  taken  up  by  the  alcohol  are  merely  pro- 
ducts of  decomposition  of  the  soluble  portion  of  the  fibrin  ^or  albu- 
men. It  is,  moreover,  the  decomposition  of  this  portion  that  sives 
rise  to  the  ammonia  that  is  produced  on  distilling  albumen  or  nbrin 
with  water. 

The  soluble  matter  taken  up  from  the  fibrin  or  albumen  by  pro- 
longed ebullition  is  in  every  respect  identical  with  the  tritoxide  of 
protein  which  we  have  already  described;  it  exists,  moreover,  ready 
formed  in  the  bufly  coat  of  the  blood.  From  whichever  of  these 
sources  we  procure  it,  whether  from  chloro-proteic  acid,  from  albu- 
men or  fibrin,  by  prolonged  ebullition,  or  from  the  bu£^  coat  of  the 
blood  after  a  comparatively  short  ebullition,  it  possesses  the  same 
properties.  It  is  soluble  in  cold  water,  but  not  in  ether,  alcohol, 
essential  or  fat  oils,  it  has  neither  an  acid  nor  alkaline  reaction.  It 
is  always  precipitated  in  the  same  manner  from  its  aqueous  solution 
bv  diluted  nitric,  sulphuric,  hydrochloric,  neutral  and  basic  phos- 
phoric, and  tannic  acids;  by  solutions  of  chlorine,  bichloride  of  mer- 
cuiy,  neutral  and  basic  acetate  of  lead,  nitrate  of  silver,  sulphate  of 
zinc,  and  peroxide  of  iron.  It  forms  with  metallic  oxides  a  class  of 
double  salts,  which  are  composed  according  to  the  formula  (G^  H 
N,  Oj.+MO)+(C^  H^  N,  0„+H0.) 

Tritoxide  of  protein  is  not  precipitated  by  dilute  acetic  acid,  neu- 
tral salts  ef  potash  and  soda,  chloride  of  barium,  hydrochlorate  of 
ammonia,  nor  by  that  very  delicate  test  for  protein,  ferrocyanide  of 
potassium.  It  dissolves  gradually  in  solutions  of  potash,  soda,  and 
ammonia.  When  thoroughly  dried,  it  occurs  as  an  amber-coloured 
powder.  Nitric  acid  converts  it  into  xantho-proteic  acid,  a  change 
which  is  not  produced  by  the  action  of  that  reagent  upon  chlorod- 
proteic  acid. 

Let  us  now  revert  to  the  undissolved  residue,  which  ultimately 
assumes  a  uniform  composition  expressed  by  the  formula^  G^  H,, 

*  See  Appendix  J,  Nole  3. 
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N^  0^^.  It  U  thu  which  in  first  formed  from  protein  by  the  influ- 
ence of  the  oxygen  of  the  atmosphere.  The  other  substance  (trit- 
oxide  of  protein)  originates  from  it  by  the  addition  of  another 
equivalent  of  oxygen.  In  this  respect  albumen  and  fibrin  give  dif- 
ferent results.  Albumen^  without  goins  through  this  preparatory 
chan^  like  fibrin,  is  at  once  converted  mto  tritoxide  of  protein  by 
ebullition,  the  insoluble  portion  which  remains  being  unaltered  al- 
bumen. 

From  the  composition  of  this  insoluble  portion  it  has  'received  the 
name  of  binoxide  of  protein.  It  exists  ready  formed  in  the  bufiv 
coat  of  the  blood.  Von  Laer  has  obtained  it  from  hair  in  the  fol- 
lowing manner.  The  protein  is  first  thrown  down  by  the  addition 
of  a  little  acetic  acid  to  a  solution  of  hair  in  potash.  On  the  addition 
of  a  larger  proportion  of  bee  add,  after  the  removal  of  the  protein, 
another  substance,  previously  in  a  state  of  solution,  is  thrown  down. 
This  is  the  binoxide  of  protein.  Yon  Laer  describes  it  as  a  bright 
yellow  precipitate.  After  being  carefully  washed  and  dried  it  forms 
a  black,  glossy  resijious  mass,  which  on  being  pulverized  forms  a 
dark  amber-yellow  powder. 

It  is  insoluble  in  water  and  alcohol,  but  dissolves  perfectly  in 
dilute  acetic,  hydrochloric,  nitric,  and  sulphuric  acids.  It  does  not 
assume  so  strong  a  yellow  colour  as  protein,  when  treated  with  ni- 
tric acid. 

Ferrocyanide  and  ferridcyanide  of  potassium,  and  acetate  of  lead 
precipitate  it  from  its  acid  solutions.  It  is  soluble  in  potash  and 
ammonia. 

If  the  binoxide  of  protein  be  treated  with  chlorine  there  is  formed, 
at  a  loss  of  one  atom  of  nitrogen,  and  a  gain  of  three  of  oxygen,  a 
new  substance  C^  H^^  N^  0^^,  to  which  no  name  has  yet  been  as- 
signed. 

In  order  to  obtain  these  products  of  oxidation  of  protein  by  boiling 
fibrin  in  water,  it  is  essentially  necessary  that  there  should  be  free 
access  to  the  atinospheric  air. 

The  products  of  the  oxidation  of  protein  occur  constantly  in  the 
blood;  they  are  formed  in  the  lungs  from  fibrin,  a  substance  which 
has  been  shown  by  Scherer  to  possess  the  property  of  absorbing  oxy- 
gen when  in  a  moist  state.  The  fibrin,  oxidized  in  the  lungs  is,  ac- 
cording to  Mulder,  the  principal,  if  not  the  only,  carrier  of  the  oxy- 
gen of  the  air;  it  is  especially  this  substance  from  which  the  secre- 
tions are  formed. 

In  inflammatory  conditions,  a  considerably  larger  quantity  of  pro- 
tein in  an  oxidized  state,  is  contained  in  the  body,  than  is  found  in  a 
normal  state.^ 

t  The  ezmaiiiation  of  the  fanfgomg  bda  leads  to  some  yerj  important  condusons.  We 
mt,  fcr  inalMiefi  fluity  by  the  ebi2lition  of  meat,  protein  is  converted  into  two  oxides,  and  is 
thai  no  more  pvMented  to  tbe  organism  as  a  means  of  nutrition  in  ihe  ibnn  of  protein,  but 
one  part  m  cuufgrted  into  binoxide,  which  is  hard  and  sparingly  sohible,  while  anooieT  portion 
ii  cfaangBd  into  the  folufafe  tritoiiodB,  and  occora  in  broth,  extract  of  meat,  dec    Aocoroing  to 
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These  compounds  (or  at  least  one  of  them)  are  also  found  in  pus, 
the  substance  termed  min  being  in  reality  tritoxide  of  protein;  in 
false  membranes,  in  cooked  meat,  and  in  vitelline  substance;  in  the 
last-named  substance  we  meet  with  a  sulphuret  of  the  binoxide  of 
protein. 

Mulder  has  recently  obtained  a  third  oxide  of  protein,  represented 
by  the  formula  C^  n.^  N^  0^  by  boiling  yeast  in  water.  It  oc- 
curs in  a  state  of  solution. 

c.  Potash  and  protein^  On  the  addition  of  protein  to  a  concen- 
trated solution  of  potash,  and  submitting  the  mixture  to  ebullition, 
decomposition  takes  place,  and  a  crystalline  substance,  two  distinct 
extractive  matters,  and  formate  and  carbonate  of  ammonia  are  pro- 
duced. After  the  alkaline  solution  has  been  neutralized  as  com- 
pletely as  possible,  by  sulphuric  acid,  the  formic  acid  may  be  re- 
moved by  gentle  distillation. 

On  evaporating  the  mixture  to  about  one  third  of  its  volume,  the 
greater  part  of  me  sulphate  of  potash  will  separate  in  a  crystalline 
state.  ^ 

After  its  removal,  the  fluid  which  is  of  a  reddish  brown  colour 
must  be  reduced  to  the  consistence  of  an  extract,  and  then  treated 
with  boiling  alcohol,  which  will  take  up  every  thing  except  any 
sulphate  of  potash  that  may  have  escaped  previous  removal.  As*  the 
alcoholic  solution  cools,  erythroprotid  is  deposited  in  the  form  of  a 
reddish  brown  extract  It  is  readily  soluble  in  water,  and  in  boil- 
ing, but  not  in  cold,  alcohol;  and  it  is  precipi table  from  its  aqueous 

Mulder,  die  mtorior  of  roteled  meat  undngoes  a  change  analoaoaa  to  Ifaat  which  is  produoed 
bf  ebuDitko.  Aa  the  efiecta  of  ebanhkn  upon  alhaiDeii  cmer  fiom  thoae  on  nbrin,  in 
evolving  oolj  the  tritoxide  of  protein,  boiled  almwien  nnHt  be  [wafedlji  diadnct  fiom  boScd  or 
roaat  meat  as  a  meana  of  noumhment 

Tlie  prooen  of  inflammation  alao  appean  eamtiafly  aa  a  hi^^  grade  of  oiridatinn.  The 
alhimiwn  of  the  blood,  which  fnniHhea  ooIj  tritoxide  W  ebnllitian,  probably  tdcea  no  pait  in 
the  change:  we  may  condude  that  it  tb  efiected  by  the  fibrin  awne^  wluch,  aa  we  inow, 
abaoiba  oxygen  fiom  die  air,  and  ia  with  ao  much  compazative  frdlity  couwrted  into  binoxide 
and  tritoxide  of  protein.  During  the  height  of  inflammation,  there  ia  a  great  exoeaa  of  the 
oxidea  of  protem  in  die  blood;  in  a  atate  of  health  they  axe,  donbtleai,  pment,  hut  in  much 
amaller  proportioni.  Between  theae  extieroea  there  may  be  maxiy  intennediatB  (jtatea  induced 
hj  diftient  ^mxden,  Reaphation  may  conaeqoendy  be  regarded  aa  a  true  oxidatioD  of  the 
nood,  or  rather  of  die  protein;  and  m  inflammation,  in  which  the  blood  containB  a  greater 
quantity  of  binoxide  and  tritoxide  of  protrai  than  in  die  healdiy  ftale,  tfaii  body  becomeii 
more  thoroughly  oxidiaed.  Heooe  it  ocean  that,  in  the  aooeleiatian  of  ^  act  of  reflDirataon, 
in  fevera,  ibr  example,  mflammation  ao  eaai^  anpervenea  after  any  violent  or  auataineo  efiorta. 
Every  panxxym  of  lever  moat  neceawrily  canae  die  ftrmation  of  a  greater  quantity  of  osi- 
diied  protein  in  die  ^fafeem,  and  eveiy  augmentatian  in  die  amount  of  oxidiaed  protein  nroieA 
produce  inflammation,  wfaidi  may,  in  ita  turn,  detennine  fever.  Hence  alao  it  nappena  that 
atimnlating  fboda  and  diinka,  which  quicken  the  rennation,  or  cold  air,  whidi  mtrodnces 
more  oxygen  into  die  hmge,  often  give  die  firit  impoue  to  die  development  of  inflammation 
in  the  oiganim.  The  haSfy  coat  ii  feimed  when  me  oxidea  of  protem  predominate  in  the 
blood;  v^ien  thenr  accumnbte  in  any  particular  part  of  the  ayrtem,  local  inflammation  ia  the 
result  In  the  latter  case,  mortnd  products,  «.  g.  fiJae  membranes,  dx.,  are  evolved,  which 
are  found  on  anahrne  to  be  in  a  great  meaaure  composed  of  oxidiied  protein.  Now  inflamma- 
tion must  be  ooaibatBd  by  endeavouring  to  diminiA  the  quantity  of  the  tritmdde  of  protein,  and 
to  hinder  itofomiation  in  the  lunga.  Venesection  proves  antiphlogistic  by  directly  diminiahing 
the  tritoxide  of  protein:  increased  secretion  of  tlw  alimentuy  canal  indirectly  produoea  die 
same  efiect*  by  accelerating  the  change  of  substance  in  the  bod^,  and  conaequentiy  alao  the 
consumption  of  a  greater  quantity  of  protein  and  ilB  osideaL 
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solution  by  the  salts  of  lead,  silver,  and  mercury,  of  a  rose-red  co- 
lour; it  is  also  precipiUble  by  tannic  acid.  From  an  analysis  of  the 
combination  of  eryUiroprotid  with  oxide  of  lead,  Mulder  has  esti- 
mated its  composition^  at  C    H,  N  0^ 

Subsequently  to  the  deposition  of  erjrthroprotid,  ktAcin  separates 
in  a  crystalline  state.  It  occurs  in  brilliant  plates  or  scales,  some- 
what resembling  cholesterin.  It  cranches  between  the  teeth,  is  ino- 
dorous and  tasteless,  and  sublimes  unchanged  at  about  340^.  It  con- 
tains no  water  of  crystallization.  It  is  soluble  in  water  and  in 
alcohol,  but  not  in  ether:  its  formula*  isC^H^^'NO^  According 
to  Mulder  it  must  be  regarded  as  an  integral  constituent  of  protein. 
It  combines  with  nitric  acid  and  forms  a  crystalline  acid  to  which 
the  tenn  nitro-leucic  acid  has  been  given. 

We  shall  have  occasion  to  revert  to  leucin  in  our  observations  on 
gelatin. 

ProHd  is  the  term  applied  to  the  extractive  matter  that  remains 
in  solution  after  the  removal  of  the  erythroprotid  and  leucin.  It  is 
of  a  bright  yellow  colour,  easily  pulverizable,  and  soluble  in  water 
and  alccmol  without  colouring  them.  It  is  precipitable  by  the  basic 
acetate  of  lead,  but  not  by  any  other  metallic  salts  nor  by  tannin. 
The  salts  of  lead  serve  to  distinguish  it  from  erythroprotid.  If  a 
mixture  of  these  two  substances  be  dissolved  in  water,  the  latter  is 
precipitated  by  the  neutral,  the  former  by  the  basic  acetate  of  lead. 

Its  formula*  is  C„  H^  NO^. 

The  action  of  caustic  potash  on  protein  is  evidently  very  compli- 
cated. Mulder  endeavours  to  show  by  the  following  formula  how 
these  metamorphoses  may  occur. 


to 


8  At  Profedn      -       -    C„  H.^  N,.  O, 

9  At  Water       -       -  H.  O* 


*2  At  EiyAranralid     -    O^H,.N.O 

2AtFh)tid      -     -  c!!h„n,  o; 

2AtLeiicm      -  -  c"  H^  N.  O. 
4  At  Ammonk  -  H..  ffi 

i  At  Caibooie  add  -  C.  O, 

lAtFoniacadd  -  C,  H  O, 

According  to  Liebig,  protein  is  produced  by  vegetables  alone,  and 
cannot  be  formed  by  animals,  although  the  animal  system  has  the 
power  of  converting  one  modification  of  protein  into  another;  it  is 
never  found  asproteinj  in  nature;  but  occurs  in  the  shape  of  albu- 
men, fibrin,  or  casein,  both  in  vegetables  and  animals.  These  modi- 
fications of  protein  are  employed  in  the  formation  of  the  difierent 
tissues,  each  of  which  bears  a  simple  relation  to  that  substance,  as 
will  be  seen  by  the  following  table: — 

AJbanen  of  the  blood  slOj^-fS^P 

AHiiiiiiBnoftlieeg«.  .        »  10  {^  +  8  P  ' 

FMd         -  .  -        «.10p;+SP 

i  See  Appendix  I,  Note  4.  *  lb.  Note  5.  *  1^  Note  6. 
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CMeia       • 

^MFi+» 

CaahdiB     •          « 

fp»K  +  » 

MtMOdKflMh 

^K  +  HO+M 

»K  +  »HO 

MoeiM 

•.S+3H0 

ChoajUn     - 

«^4.iBO  +  8Q 

Bon^tuns 

.       w,f{+«lH,  +  30 

GebdnoDa  tMHV     • 

•       -.api  +  SlNB.+  HO  +  TO. 

We  do  not  mean  to  aMert  that  these  formuhe  represent  the  actual 
constitution  of  the  respectrve  tissues^  but  only  that  they  give  the 
proportion  of  elements  actually  present,  and  show  how  they  might 
give  rise  to  those  tisoue^i  Some  of  these  tissues  contain  protein,  or 
at  least  yield  it  by  the  action  of  potadi,  whilst  others,  as  for  instance 
the  gelatinous  tissues,  although  cfoubtless  derived  from  protein  com- 
pounds, do  not  contain  it,  and  consequently  cannot  yield  it 

IHagnasU  qf  protein,  its  insohibiUty  in  water,  altohol,  and 
ether,  and  its  precipitation  from  an  acid  solution  by  the  ferrocyanide 
and  ferridejranide  of  potassium  are  sufficicuit 

This  important  modification  of  protein  forms  tiie  white  of  eggs, 
and.  occurs  in  large  quantity  in  aU  the  animal  fluids  that  contribute 
to  the  nutrition  of  tne  organism.  It  is  also  found  in  most  of  the 
animal  solids,  and  in  nearly  all  morbid  produtta  We  have  already 
adverted  to  its  existence  in  the  vegstable  luAgdom* 

Albumen  is  naturally  soluble  in  water,  and  it  is  found  dissolved 
in  the  serum  of  the  blood,  in  vegetable  juices,  &c.  But  when  it  has 
once  been  submitted  to  a  certain  degree  of  temperature,  or  to  th^ 
action  of  various  chemical  reagents,  it  assumes  the  coagulated  state, 
and  becomes  insoluble  in  water. 

Soluble  albumen.  Soluble  albumen  may  be  obtained  in  a  solid 
form  by  evaporating  to  dryness,  at  a  temperature  not  exceeding 
li26%  the  serum  of  the  blood,  or  white  of  egr.  The  dry  mass  is 
yellow,  partially  transparent,  hard^  and  toudh;  it  must  be  reduced  to 
a  fine  powder,  and  treated  successively  with  ether  and  alcohol.  By 
Uiese  means  we  succeed  in  removing  yearly  all  foreigp  bodies  from 
the  albumeuj^  which  when  dried  exhibits  a  white  or  pale  vellow  co- 
lour, is  devoid  of  taste  and  odour,  and  presents  a  neutral  reaction. 
If  perfectly  dry,  alburoeji  in  this  state  may  be  exposed  to  a  tempera*^ 
tore  of  212^  without  passing  into  the  coagulated  condition.  When 
digested  in  cold  water,  it  gradually  swells  up,  and  finally  dissolves^ 
forming  a  mucilaginous,  colourless,  and  insipid  fluid,  which  on  being 
heated  to  140^  begins  to  give  indications  of  coagulating:  if  the  solu- 
tion is  very  dilute,  the  temperature  may  be  raised  to  165^  with  the 
occurrence  of  this  change,  and  when  present  in  very  small  quantity 
the  albumen  may  not  separate  till  the  fluid  boils,  or  even  until  the 
ebullition  has  been  prolonged  for  a  short  time. 
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When  albamen  is  analyzed,  it  yields  the  same  results  as  protein  in 
reg^  to  carbon,  hydn^gen,  nitrogeni  and  oxygen,  but  it  also  con- 
tains a  small  qaantity  of  phosphorus  and  sulphur,  (less  than  1}  to- 
gether,) which  are  absent  in  protein.  According  to  Mulder's  ana- 
IjTses,'  the  albumen  of  eggs  may  be  represented  by  the  formula  C400 
Haa  Nao  O190  SP+  or  10  p^  +  SP,  which,  as  we  shall  presently  see,  is 
identical  with  the  formula  for  fibrin. 

The  albumen  of  the  blood  differs  from  this,  in  containing  one  ad- 
ditional atom  of  sulphur;  its  formula  is  10  p^  -f  S,  P. 

Most  of  the  chemical  observations  on  protein  apply  equally  to  al- 
bamen, and  therefore  without  entering  into  any  description  of  the 
various  chemical  changes  that  occur  upon  the  addition  of  reagents, 
we  shall  simply  notice  the  physical  appearances,  presented  on  the 
application  of  the  ordinary  tcSits. 

Albumen  is  precipitated  from  its  fluid  solutions  by  all  the  ordinary 
acids,  with  the  exception  of  acetic,  tartaric,  and  phosphoric  (Phasic) 
acids;  which  not  only  do  not  precipitate  it,  but  check  the  ordinary 
precipitation  induced  by  heat  It  is  precipitated  from  its  solution  in 
these  acids  by  ferrocyanide  and  ferridcyanide  of  potassium,  the 
former  of  which  yields  a  white,  and  the  latter  a  yellow,  precipitate. 
These  precipitates  are  soluble  in  alkalies  but  not  in  acids.  When 
these  two  substances  are  used  as  tests,  their  action  may  be  impeded 
by  the  presence  of  free  soda  or  its  carbonate;  the  addition  of  a  few 
drops  oi  aeetic  acid  is  therefore  always  advisable  in  this  case.  Bi- 
chloride of  mercury,  and  nitrate  of  the  black  oxide  of  mercury  throw 
down  whitish  precipitates.     Either  of  these  tests  will  detect  the 

! presence  of  ^^nnr  P*^  ^^  ^^  albumen.  Precipitates  of  various  co- 
ours  and  appearances  are  thrown  down  by  sulphate  of  copper,  nitrate 
of  rilver,  the  acetates  of  lead,  protochloride  of  iron,  alum,  tannin, 
creosote,  alcohol,  &c 

The  precipitates  which  the  metallic  salts  throw  down  with  albu- 
men are  usually  mixtures  of  two  distinct  substances,  one  a  compound 
of  albumen  widi  the  acid,  the  otiier  a  compound  of  albumen  with  the 
metallic  oxide;  the  former  is  usually  somewhat  soluble,  the  latter 
insoluble. 

The  alkalies  and  their  carbonates  form  soluble  compounds  with 
albamen,  and  frequently  require  to  be  neutralized  before  the  ordi- 
nary tests  can  be  e£Sciently  used. 

The  tests  in  most  general  use  are  heat,  and  nitric  acid.  When 
they  both  produce  turbidity  or  a  precipitate,  the  existence  of  albu- 
men may  be  considered  as  proved.' 

Coagulaied  albutnen.  Coagulated  albumen  may  be  obtained  by 
flibmitting  the  white  of  egg  or  the  serum  of  the  blood  to  a  tempera- 
ture of  from  160^  to  180^;  167^  accordins  to  Simon. 

The  coagulated  mass  must  be  then  rubbed  in  a  mortar,  and  suc- 

'  See  ApfModiz  1,  Note  7. 

*  Ad  «in»wMt  ezoepdon  in  the  cMe  of  the  unne  wiO  be  fubeeqiieDtl^  notioed. 
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cessively  digested  ip  water,  alcohol,  and  ether,  until  all  substances 
soluble  m  those  fluids  are  removed;  it  must  then  be  carefully  dried. 

When  obtained  in  this  manner,  it  usually  contains  from  1  to  d}  of 
phosphate  of  lime,  an  earth  which  soluble  ubumen  seems  to  have  the 
power  of  dissolving. 

In  order  to  obtain  it  free  from  this  impurity  the  following  process 
may  be  employed.  Coagulate  albumen  with  dilute  hydrochloric  add, 
wash  the  precipitate  with  water  acidulated  with  the  same  aicid,  and 
then  add  so  much  cold  water  as  may  suffice  to  dissolve  it  On  the 
addition  of  carbonate  of  ammonia,  coagulated  albumen  is  separated 
as  a  flocculent,  white  precipitate.  To  remove  any  fat  that  may  be 
present,  it  should  be  digested  in  hot  alcohol  or  ether. 

When  dry,  it  is  yellow  and  transparent;  it  swells  upon  being  placed 
in  water,  but  is  only  very  slightly  soluble  in  it  In  its  ordinary 
chemical  relations  it  resembles  protein. 

Albumen  always  contains  more  or  less  salts,  phombate  and  sul- 
phate of  lime,  chloride  of  sodium,  and  probably  some  lactates.  Their 
amount  is  variously  estimated  by  difierent  chemists:  the  average  is 
about  4  to  8f. 

In  the  albumen  of  the  egg  Mulder  found  0*3^  and  in  that  of  Uood, 
OAt  of  sulphate  of  lime. 

The  development  of  the  young  animal  in  the  egg  of  the  bird  during 
incubation  anords  a  striking  illustration  of  the  physioloKieal  import 
of  this  substance.     It  is  easily  shown  that  the  egg  contains  no  nitro- 

Enous  compound  except  albumen.  The  albumen  of  the  yelk  has 
en  proved,  by  the  analyses  of  Bence  Jones  and  Scherer,  to  be 
identical  with  the  albumen  of  the  white;  and  in  addition  to  this  the 
yelk  only  contains  a  yellow  fat  with  traces  of  iron.  Yet  we  see  in 
the  process  of  incubation,  during  which  no  foreign  niatter,  except 
atmospheric  air,  can  be  introduced,  or  can  take  any  part  in  the  de* 
velopment  of  the  animal,  that  feathers,  claws,  blood-corpuscles,  fibrin, 
cellular  tissue,  and  vessels  are  produced. 

Diagnosis  qf  albumen.  It  coagulates  at  167^.  It  is  not  preci- 
pitated by  acetic  or  dilute  sulphuric  acid,  and  from  these  acid  solu- 
tions it  is  precipitated  by  ferrocyanide  of  potassium.  Corrosive  sub- 
limate and  nitric  acid  throw  down  copious  deposits. 

3.  Fibrin. 

This  modification  of  protein  occurs  in  two  forms,  dissolved  and 
coagulated.  The  former  occurs  in  blood,  lymph,  chyle,  juices  of 
plants,  &c.,  as  long  as  these  fluids  form  a  part  of  the  living  organism ; 
on  their  withdrawal  from  the  influence  of  the  vital  force,  the  fibrin 
speedily  coagulates.  It  is  found  in  both  these  states  in  the  animal 
and  vegetable  kingdoms. 

The  best  metjiod  of  obtaining  it  for  chemical  examination  is  either 
by  briskly  stirring  newly-drawn  blood  with  a  little  bundle  of  twigs, 
or  else  by  shaking  it  in  a  stoppered  bottle  with  a  few  bits  of  lead  or 
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tia.  The  fibrin  adheres  to  these  substances  in  the  form  of  a  nearly 
colourlesB  coagulum.  This  must  be  washed  in  cold  water  till  it 
ceas^  to  zive  off  any  colour  whatever;  it  must  then  be  treated  with 
boiling  euer,  in  order  to  remove  the  fat  which  is  always  associated 
with  it 

When  dried,  it  assumes  a  pale  yellow  colour^  is  devoid  of  taste  and 
odour,  and  is  insoluble  in  water^  alcohol,  and  ether.  When  placed 
in  water  it  sinks;  it  speedily  absorbs  a  portion  of  the  fluid,  swells 
up,  aasumes  its  original  bulk,  and  increases  its  weight  threefold. 

The  composition  of  fibrin  is  represented  by  the  formula^ 

C400  H310  N50  Ouo  SP,  or  10  Fr+SP. 

The  observations  which  have  been  made  respecting  the  action  of 
acids  and  alkalies  on  protein  apply  equally  to  fibrin. 

Fibrin  is  stated  to  have  the  power  of  decomposing  binoxide  of  hy- 
drogen catalytically  with  the  evolution  of  oxygen  and  heat  Accord- 
ing to  Scherer  this  action  is  induced  by  fresh  fibrin  from  anv  source, 
but  not  by  boiled  fibrin.     This  power  is  not  possessed  by  albumen. 

A  concentrated  solution  of  nitrate  of  potash  dissolves  humid  fibrin 
in  the  course  of  twenty-four  hours,  and  gives  it  the  properties  of  al- 
bumen. (Denis.)  This  observation  requires  farther  confirmation ; 
it  has  failed  in  the  hands  of  Simon  and  other  chemists,  and  it  is  not 
impossible  that  the  phenomena  described  by  Denis  were  due  to  the 
presence  <^  some  uncombined  potash. 

The  average  quantify  of  fat  associated  with  fibrin  was  found  by 
Simon  to  vary  from  2  to  4^  which  agrees  closely  with  the  results 
of  other  observers. 

Fibrin  always  contains  a  certain  amount  of  salts,  especially  of  the 
phosphate  and  sulphate  of  lime:  the  former  seems  to  be  chemically 
combined  with  it  The  amount,  according  to  Simon,  lies  between 
1-5  and  2}. 

Diagnosis  of  fibrin.  Fibrin  is  distinguished  by  its  spontaneous 
coagulation,  by  its  insolubility  in  water,  alcohol,  and  ether,  and  by 
its  precipitation  from  acid  solutions  by  ferrocyanide  and  ferridcyanide 
of  potassium. 

4.  Casein. 

This  substance  constitutes  the  most  important  ingredient  in  the 
milk  of  the  mammalia.  We  have  already  shown  that  it  also  exists 
in  vegetables. 

Casein  may  be  obtained  with  facility  by  either  of  the  following 
methodsL 

a.  Evaporate  milk  to  dryness  in  the  water-bath;  triturate  the  solid 
residue  and  treat  it  with  boiling  ether,  as  long  as  it  gives  ofi*  any 
batter.  When  this  ceases  to  be  the  case,  remove  the  butter,  and 
evaporate  ofl*  the  ether;  dissolve  the  residue  in  water,  and  filter.  On 
the  addition  of  alcohol  to  the  clear  filtered  fluid,  the  casein  is  sepa- 
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rated  and  thrown  down.  In  order  to  remore  any  augar  of  milk  that 
may  be  entan^ed  with  the  casein,  the  precipitate  may  be  redia- 
solTcd  in  water,  and  acain  thrown  down  by  alcohol;  it  it  be  now 
colleeled  and  dissolyed  in  water,  it  aflTords  a  tolerably  pure  aolation 
of  eaaein. 

b.  Caaein  may  also  be  obtained  by  the  addition  of  aoljAaric  (or 
any  other}  acid.  Sulphate  of  caaein  is  precipitated,  which  must  be 
carefully  washed  in  water,  freed  in  the  ordinary  manner  from  butter, 
&c  and  then  digested  with  carbonate  of  lime.  By  careful  and,  if 
necessary,  repeated  filtration  we  obtain  a  clear  solution,  which  how- 
ever is  not  free  from  lime. 

A  solution  of  casein  prepared  according  to  either  of  these  methods 
is  possessed  of  little  flavour;  on  the  application  of  warmth  it  evohres 
a  milky  odour,  and  durins  evaporation  it  becomes  covered  with  a 
skin  of  film,  which  on  bemg  removed  is  speedily  renewed.  This 
skin  is  due  to  the  action  of  oxygen,  for  it  does  not  form  in  an  atmo- 
q)here  of  carbonic  add. 

By  a  continuance  of  the  evaporation  we  ultimately  obtain  a  resi- 
due of  dry  caaein.  It  appears  as  a  brittle  yellow  substance.  It  does 
not  admit  of  being  perfectly  dissolved  in  water,  in  consequence  of  a 
portion  of  it  having  assumed  an  insoluble  condition  during  evapora- 
tion. 

According  to  Mulder^  casein  is  represented  by  the  formula 

^¥n  H310  Nfio  Oi»  S  or  10  Pr+S. 

The  action  of  milk  in  the  nutrition  of  young  animals  proves  that 
casein  is  capable  of  being  converted  into  albumen,  and  fibrin;  while 
the  production  of  milk  in  an  animal  fed  on  albumen  or  fibrin  shows 
that  these  substances  may  be  reconverted  into  casein. 

The  alkalies  exert  a  similar  solvent  power  over  casein  as  over  pro- 
tein and  its  other  modifications.  The  metallic  aaltB  also  form  similar 
double  compounds.  It  differs  from  albumen,  in  being  precipitated 
by  all  acids.  The  latter  reagents  must  be  applied  cautiously,  as  ca- 
sein is  soluble  in  an  excess  ofmany  acids. 

On  the  addition  of  ferrocyanide  or  ferridcyanide  of  potassium  to 
a  perfectly  neutral  solution  of  casein,  a  slight  precipitate  is  observed; 
if  the  solution  is  alkaline,  there  is  no  perceptible  effect,  but  if  it  is 
first  rendered  acid  by  a  little  acetic  or  dilute  sulphuric  acid,  a  co- 
pious precipitate  is  thrown  down  by  both  tests. 

The  casein  of  cow's  milk  is  thoroughly  precipitated  by  the  mu- 
cous membrane  of  the  calPs  stomach ;  on  Uie  addition  of  this  rea- 
gent to  woman's  milk,  imperfect  coagulation  sometimes  occurs ;  in 
other  cases  no  apparent  action  is  produced;  the  coagulation  is  never 
perfect  In  this  case  the  mucous  membrane  of  the  child's  stomach 
produces  a  more  energetic  effect  than  that  of  the  calf.  If  a  quan- 
tity of  potash  or  ammonia  be  added  to  the  milk,  sufficient  to  give  it 
a  decidedly  alkaline  reaction,  no  coagulation  is  effected. 

1  See  Appendix  I»  Nals  9. 
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Rochleder  has  recently  attempted  to  show  that  pure  casein  is  a 
substance  nearly  insoluble  in  water;  that  the  so-called  soluble  casein 
is  a  combination  of  casein  with  potash,  soda,  or  lime;  and  that  the 
coagulation  of  the  soluble  casein  W  acids,  is  nothing  more  than  a 
separation  of  the  casein,  resulting  mm  the  combination  of  the  acid 
with  the  base  of  the  casein  compound.  In  this  manner,  he  explains 
how  solutions  of  potash  prevent  coagulation,  when  added  in  very 
small  quantity  to  milk,  and  why  (especially  in  warm  weather,)  very 
slight  causes  are  able  to  produce  a  coagulation  of  the  milk;  as  only 
the  smallest  quantitv  of  lactic  acid  is  required  to  be  formed,  in  order 
to  neutralize  the  minute  traces  of  soda,  which  are  able  to  retain  in  a 
stale  of  solution  an  enormous  quantify  of  casein. 

Coagulated  casein  is  found  m  the  milk,  constituting  the  walls  of 
the  butter-vesicles.  For  the  purpose  of  chemical  investigation,  it  is 
best  obtained  by  the  addition  ot  anhydrous  alcohol  to  a  solution  of 
casein.  When  dried,  it  is  hard,  yellow,  and  transparent  In  its 
chemical  relations  it  closely  resembles  coagulated  albumen. 

The  amount  of  ash  left;  after  the  incineration  of  casein  seems  to 
vary  considerably.  Mulder  estimates  it  at  3*8^,  and  Simon  at  7{,in 
the  casein  of  cow's  milk.  In  casein  from  the  milk  of  woman,  Si- 
mon estimated  it  at  5J.  Rochleder,  whose  experiments  were  made 
under  the  direction  of  Liebig,  found  that  pure  casein  left  onlv  0*3^. 
The  ash  contains  phosphoric,  carbonic,  hydrochloric,  and  sulphuricf 
acids^  in  combination  with  lime,  and  traces  of  magnesia  and  iron. 

Diagnoris  qf  casein.  Casein  may  be  distinguished  from  albu- 
men by  its  not  coagulating  at  167^,  and  hj^  the  s&in  which  forms  on 
its  sur&ce  durins  evaporation.  It  is  precipitated  by  all  dilute  acids, 
and  redissolves  m  an  excess  of  the  test  It  is  thrown  down  from 
its  acid  solutions  by  ferrocyanide  and  ferridcyanide  of  potassium. 
Casein  of  woman's  milk  is  less  perfectiy  thrown  down  by  dilute 
sulphuric,  lactic,  and  hydrochloric  acids,  than  the  casein  of  cow's 
milk. 

Simon  has  obtained  a  modified  form  of  casein  from  the  crystal- 
line lens,^  from  tubercle,  pus,  and  saliva. 

It  may  be  recognised  as  casein  by  the  diagnosis  which  has  been 
riven,  but  it  differs  from  human  casein  in  its  thorough  precipitation 
by  all  acids;  and  from  the  casein  of  human  and  cow's  mils  by  its 
greater  solubility  in  hot  alcohol  of  0*915 — 0-925. 

The  globulin  of  Berzelius,  which  together  with  hsematin  forms 
the  blood-corpuscles,  is  considered  by  Simon  as  a  peculiar  form 
of  casein.  Very  little  is  known  regarding  it,  farther  than  that  it 
is  a  protein-compound.    Mulder*  represents  it  by  the  formula  15 

K+S. 

It  must  not  be  confounded  with  Lecanu's  globulin,  which  is 
merely  impure  hasmatin  mingled  with  some  albumen. 

1  Bee  Appendix  I,  Nola  10.  alb.  Note  11. 
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Pepsin^  Ptyalin^  Chondrinj  Giuiin,  Pyin. 

5.  Pepsin.  This  name  (from  HtH6Hy  dig^on)  was  given  by 
Schwann,  to  a  substance  which  constitutes  the  most  essential  portion 
of  the  gastric  juice.  The  following  directions  for  the  preparation 
of  pepsm  are  taken  from  Vogel's  essay  on  the  subject ;  the;p^  corre- 
spond in  nearly  every  respect,  with  the  method  which  was  given  by 
Wasmann,  who  has  the  credit  of  first  obtaining  it  in  an  isolated  state. 
The  glandular  membrane  of  the  fresh  stomach  of  the  hog,  is  sei>a- 
rated,  and  afler  being  cut  into  small  pieces,  is  treated  with  cold  dis- 
tilled water;  after  twenty-four  hours'  immersion,  the  water  is  poured 
off,  and  a  fresh  quantity  added.  This  operation  is  repeated  for  seve- 
ral days,  until  a  putrid  odour  becomes  perceptible.  The  aqueous 
infusion  thus  obtained,  is  precipitated  with  acetate  of  lead,  which 
causes  a  white  fiocculent  deposit  containing  the  pepsin  mixed  with 
much  albumen ;  this  precipitate  is  diffused  throu^  the  water,  and 
must  be  decomposed  oy  sulj^huretted  hydrogen.  Wlien  the  liquor 
is  filtered,  the  solution  contains  pepsin  and  acetic  acid,  while  coagu- 
lated albumen  and  sulphuret  of  lead  remain  on  the  filter.  In  order 
to  obtain  solid  pepsin,  the  filtered  liquid  is  evaporated  to  the  con- 
sistence of  a  syrup,  at  a  very  moderate  temperature  ^accordins  to 
Wasmann,  not  higher  than  95*),  and  absolute  dcohol  is  then  added 
to  it  After  some  time  a  whitirii  bulky  precipitate  is  formed,  which 
is  to  be  dried  by  exposure  to  the  air;  it  then  constitutes  a  yellowish 
viscid  mass  of  a  peculiar  animal  odour,  and  a  disagreeable  taste. 
Pepsin  thus  obtained,  has  an  acid  reaction,  because  it  always  contains 
a  small  quantity  of  acetic  acid.  This  is  most  efficaciously  removed 
by  heating  the  pepsin  for  some  hours  in  a  salt-water  bath;  by  which 
means  a  white  powder,  soluble  in  water,  and  possessing  no  acid  re- 
action, is  obtained.  The  action  of  a  high  temperature  injures  the 
digestive  power  of  pepsin,  but  does  not  affect  its  chemical  com- 
position. 

From  VoeePs  analysis*  of  this  substance,  it  appears  that  it  may 
be  very  nean^  represented  by  the  formula  C48  Has  ris  Ojq.  On  com- 
paring this  with  Liebig's  formula  for  protein,  it  appears  that  pepsin 
may  be  formed  from  protein  by  the  subtraction  of  two  atoms  of 
water,  and  the  addition  of  two  atoms  of  nitrogen. 

The  most  remarkable  iMX>perty  of  pepsin  is  the  power  which  its 
aqueous  solution,  when  slightly  acidulated,  possesses  of  dissolving 
the  protein-compounds.  A  solution  containing  only  nm  part  of 
pepsin,  and  slightly  acidulated,  will  dissolve  coagulated  albumen  in 
six  or  eight  hours.  This  property  is  apparently  destroyed  by  the 
alkalies. 

Sulphuric,  hydrochloric,  and  nitric  acids,  when  added  in  very 
small  quantity  to  a  solution  of  pepsin,  throw  down  white  flocculi, 
which  redissolve  in  an  excess  of  the  test :  on  the  addition  of  still 
more  acid  the  precipitate  again  occurs. 

1  Sea  Appendiz  I,  Note  18. 
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Acetic  acid  throws  down  a  precipitate  which  rediasolves  in  an 
ezceas  of  the  test;  no  second  precipitate  is  thrown  down  by  the  ad- 
dition of  more  acetic  acid.  ^ 

Pepsin  is  thrown  down  from  its  aqueous  solution  by  bichloride  of 
mercury,  acetate  of  lead,  the  sulphates  of  iron,  sulphate  of  copper, 
and  perchloride  of  tin.  Ferrocyanide  of  potassium  throws  down  no 
precipitate  from  an  acidulated  solution  of  pepsin. 

Pepsin,  which  is  precipitated  from  a  concentrated  aqueous  solution 
by  anhydrous  alcohol,  is  said  to  lose  its  digestive  power. 

According  to  Liebig,  pepsin  as  a  distinct  compound  does  not 
exist;  he  ascribes  the  solvent  power  of  the  gastric  juice  to  the  gra- 
dual decomposition  of  a  matter  dissolved  from  the  membrane,  aided 
by  the  oxygen  introduced  in  the  saliva.  (Animal  Chemistry,  p.  109 
et  seq.) 

DurgnoM.  Pepsin  is  soluble  in  water,  insoluble  in  absolute  alco- 
hol and  ether;  it  is  known  by  its  precipitation  by  dilute  acids,  by 
the  precipitate  being  redissolved  in  a  slight  excess  of  the  test,  and 
by  the  non-occurrence  of  a  precipitate  on  the  addition  of  ferrocya- 
nide of  potassium  to  the  acid  solution.  It  is  farther  distinguished 
from  albumen  by  its  being  precipitable  by  acetic  and  dilute  hydro- 
chloric acidSb 

6.  Ptycdin.  This  term  has  been  applied  to  a  peculiar  animal 
matter  that  exists  in  the  saliva.  The  following  is  the  best  method 
of  obtaining  it.  Fresh  saliva  must  be  neutralized  with  acetic  acid, 
and  then  evaporated  on  the  water  bath;  the  residue  must  be  ex- 
tracted first  with  alcohol,'  and  then  with  spirit  The  ptyalin  will 
remain  undissolved  amongst  the  protein-compounds,  and  must  be 
extracted  from  them  bv  the  addition  of  water,  in  which  it  is  readily 
floluble,  and  with  which  it  forms  a  viscid  fluid.  The  evaporation  of 
this  aqueous  solution  yields  ptyalin  free  from  all  animal  matters,  but 
containing  a  trace  of  salts.  When  dry  it  is  colourless,  transparent, 
and  brittle,  devoid  of  odour,  but  with  rather  a  sickly  taste. 

It  is  readily  soluble  in  water,  but  is  insoluble  in  alcohol  and  ether. 
It  is  precipitated  from  its  aqueous  solution  by  alcohol,  but  not  by 
the  mineral  acids,  metallic  salts,  acetic  or  tannic  acid. 

Our  knowledge  of  this  substance  is  by  no  means  accurate;  no  ana- 
lysis has  ever  been  published,  and  there  is  no  doubt  that  all  the 
anfmal  fluids  yield  an  extract  to  water,  which  strongly  resembles,  if 
it  be  not  altogether  identical  with,  ptyalin. 

JXagnons.  Ptyalin  may  be  distinguished  from  the  protein-com- 
pounds by  its  indinerence  to  ferrocyanide  of  potassium;  and  from 
pepsin  by  its  non-precipitation  by  dilute  acids. 

7.  Gelatin — Chondrin  and  Glutin.  Under  the  term  gelatin  we 
include  the  organic  tissue  of  bone,  cartilage,  sinew,  ligament,  skin, 

*  The  tenn  fpirit  is  med  to  denote  alcohol  of  loec.  gniT.  "SSS,  which  oontains  about  85{- 
ofaniqfdioaa  ■loohol;  bj  akohd,  anfajdroua  afcohol  of  ipec.  grtT.  *79fil  ii  trnptiBd. 
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cellular  tissue,  and  serous  memjsrane.  All  these  substances  dissolve 
by  long  continued  boiling  in  water,  and  the  solution  on  cooling  aa- 
sumes  a  consistent  gelatinous  mass.  It  is  represented  in  various  de- 
grees of  purity  by  glue,  size,  and  isinglass.  Gelatin  does  not  exist 
as  gelatin  in  the  animal  tissues,  but  is  formed  from  them  bj^  the 
action  of  boilins  water.  Mailer  has  shown  that  there  are  two  (if  not 
three)  distinct  forms  of  gelatin.  To  that  which  is  obtained  from  the 
permanent  cartilages,  the  cornea,  fungous  bones,  &c.  the  term  chon- 
drin  is  given,  while  gluiin  includes  those  forms  of  gelatin  which 
are  obtained  from  skin,  serous  membrane,  hoof,  bone,  tendon, 
fibrous  and  spongy  cartila^,  cartilage  of  bone,  &c  As  chondrin 
and  glutin  differ  not  only  m  the  sources  from  which  they  are  de- 
rived, but  also  in  many  of  their  chemical  characters,  we  shall  con- 
sider them  separately. 

Chondrin  is  most  easily  obtained  by  boiling  any  of  the  perma- 
nent cartilages,  as  for  instance  those  of  the  ribs,  larynx,  or  joints,  for 
about  twenty-four  hours,  in  water:  the  solution  must  then  be 
strained,  in  order  to  remove  any  coagulated  matters,  and  allowed  to 
gelatinize;  it  must  then  be  dried  at  alow  heat 

In  this  state  it  is  hard  and  brittle,  colourless  and  transparent  It 
sinks  in  cold  water,  and  swells  very  much,  without  dissolving. 

Scherer  has  deduced  from  his  analyses  Uie  following  formula^  for 

chondrin,  C48  H|o  Ne  O909  which  corresponds  numerically  with  Fr 
+4  HO+Oi« 

Its  formula,  according  to  Mulder,  is  Can  H360  N40  O140  S,  or  20 
(C16  Hi3  Ns  O7 )  -h  S.  When  burned  it  leaves  about  4}  of  phosphate 
of  lime. 

Chondrin  is  precipitated  from  its  solution,  and  not  redissolved  in 
an  excess  of  the  test,  by  acetic  acid,  tannin,  the  neutral  and  basic 
acetates  of  lead,  sulphate  of  iron,  chlorine,  iodine,  and  bromine. 
The  following  substances  also  give  well-marked  precipitates,  which 
are,  however,  soluble  in  an  excess  of  the  test,  alum,  sulphate  of  cop- 
per, nitrate  of  silver,  perchloride  of  iron,  and  nitrate  of  the  pro- 
toxide of  mercury.  Creosote  produces  an  immediate  turbidity,  and 
renders  a  solution  of  chondrin  gelatinous  in  the  course  of  twelve 
hours.  Alcohol  throws  down  chondrin  from  a  concentrated  solu- 
tion, in  the  form  of  a  white,  viscid,  and  tenacious  mass.  Ferrocy- 
anide  and  ferridcyanide  of  potassium  throw  down  no  precipitates 
when  added  to  an  acid  solution  of  chondrin. 

Gluiin  may  be  obtained  in  a  state  of  purity^  from  common  glue« 
of  which  it  forms  the  chief  ingredient  On  placing  glue  in  cold 
water  it  absorbs  moisture,  and  swells  into  a  tremulous  Jelly,  but  does 
not  dissolve.  The  cold  water  must  be  chan^  as  long  as  it  con- 
tinues to  take  up  any  thing  from  the  glue.  The  glue,  after  under- 
Sdng  this  purification,  must  be  heated  till  it  is  perfectly  fluid,  and 
en  strained  throu^  a  cloth  or  coarse  filter.    It  gelatinizes  on 

i  See  Appndiz  f  ,  Fols  la  •  Oedooed  fiom  Uefaig'i  finidi.      j 
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cooling,  and  when  dried  represents  pure  glutin.  In  its  physical 
characters  it  is  nearly  identical  with  chondrin,  but  is  usually  rather 
more  coloured.  It  is  represented  by  the  formula*  C^  ^lo^a^i* 
(Mulder.)     Scherer  assigns  to  it  the  formula  C^  H^  N^  O^^,  whicn 

is  numerically  equal  to  2  Pt+  3  NH  +  H0+ 70,  but  recent  investi- 
.ntions  tend  to  show  that  this  formula  gives  an  excess  of  hydroeen. 
When  burned,  glutin  leaves  a  slight  ash,  consistine  chiefly  of  phos- 
phate of  lime.  By  long  continued  boiling,  glutin  loses  its  power  of 
gelatinizing;  in  this  state  its  ultimate  composition  may  be  repre- 
sented by  3ie  formula  C  H  N  0^  or  4  (C^  H^  N,  0^)+ HO.  In 
other  words,  it  appears  to  be  cnanged  into  a  compound,  in  which 
four  equivalents  or  glutin  are  united  with  one  of  water.  If  a  stream 
of  chlorine  be  passed  through  a  solution  of  glutin,  a  compound  of 
chlorous  acid  and  glutin  is  obtained,  which  is  analogous  in  type  with 
the  preceding  substance.  It  is  represented  by  the  formula  4  (C^  H^^ 
N^  OJ+Cl  Oj.  This  is  the  compound  referred  to  in  the  note  to 
PW  19. 

The  most  important  test  for  gelatin  (either  glutin  or  chondrin)  is 
tannin,  which  will  precipitate  it  when  diluted  5000  times.  Three 
different  compounds  of  glutin  and  tannic  acid'  have  been  discovered, 
and  submitted  to  analysis;  they  are,  however,  individually  of  no 
particular  importance  in  a  physiological  point  of  view.  The  extreme 
facility  with  which  tannin  precipitates  gelatinous  matters  gives  a  clue 
to  the  medicinal  action  of  astringent  drugs  on  the  human  organism. 
They  at  once  form  insoluble  compounds,  (for  tannin  acts  similarly 
on  the  protein-compounds,)  and  do  not  enter  the  blood;  and  this  is 
the  reason  of  their  being  comparatively  innocuous.  According  to 
Mulder  a  less  amount  of  tannin  than  is  contained  in  one  ounce  of 
cinchona  bark  would,  if  conveyed  directly  into  the  blood,  cause  in- 
stantaneous death. 

Acetic  acid  produces  a  slight  turbidity,  which  speedily  disap- 
pears on  the  addition  of  an  excess  of  the  test  Alum  either  produces 
no  visible  efiect,  or  else  throws  down  a  very  slight  precipitate,  which 
soon  disappears,  and  the  other  salts,  which  have  been  mentioned  as 
rttcents  tor  chondrin,  yield  no  (or  at  most,  very  slight)  precipitates 
with  ^utin.  Alcohol  and  creosote  act  much  the  same  as  on  chon- 
drin, and  no  precipitate  is  occasioned  by  the  ferrocyanide  or  ferrid- 
cyanide  of  potassium. 

On  boiling  glutin  in  an  excess  of  caustic  alkali,  till  ammonia 
ceases  to  be  developed,  sugar  of  gelatin  (glycicoll)  and  leucin  are 
produced  in  the  ratio  of  four  parts  of  the  former  to  one  of  the  latter. 
In  order  to  separate  these  suostances,  the  alkaline  solution  must  be 
saturated  with  sulphuric  acid,  evaporated  to  dryness,  and^  the  resi- 
due boiled  with  alcohol.  The  leucin  being  more  soluble  in  alcohol 
than  the  glycicoll  may  be  extracted  from  the  evaporated  alcoholic 

*  8ce  Afnodix  I,  Nals  14. 

*  Tt  im^  hft  rnamfifMA  a^^  ^amy*  mnA  timie  maA  mm  ajwumspotmm  fmnoa. 
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solution  by  cold  alcohol;  the  glycicoll  will  remaia  in  an  impure  con- 
dition in  the  residue. 

On  treating  glutin  with  concentrated  sulphuric  acid  a  colourless 
fluid  is  obtained,  which,  after  prolonged  boiling  and  saturation  with 
carbonate  of  lime,  yields,  in  addition  to  certain  uninvestinited  com* 
pounds,  leucin  and  glycicoll.  This  method  is  stated  by  Mulder  to 
yield  a  less  quantity  of  glycicoll,  in  proportion  to  leucin,  than  the 
former. 

Glycicoll  crystallizes  in  colourless  prisms  from  a  solution  in  alco- 
hol, and  in  rhombs  from  a  spirituous  solution.  These  crystals  pos- 
sess a  very  sweet  taste,  are  perfectly  neutral,  resemble  cholesterin  in 
their  appearance,  dissolve  in  414  parts  of  water  and  in  931  of 
alcohol. 

The  composition  of  glycicoll  is  represented  by  the  formula^ 
C  H,  J?  0  or  C,  H,  N,  0,+2  HO. 

It  is  worthy  of  remark  that  on  subtracting  an  equivalent  of  grape 
or  diabetic  sugar  from  two  equivalents  of  glycicoll,  we  .obtain  ue 
elements  of  two  equivalents  of  urea: 

9(C.hJj,0,)-C    H^O    -«(C,H,N,0) 

The  origin  qf  glutin  in  the  animal  organism  is  still  unknown. 
As  no  traces  of  it  have  ever  been  discovered  in  the  vegetable  king- 
dom, we  cannot  suppose  that  (like  protein)  it  arises  from  that 
source.  In  all  probability  it  is  formed  by  the  action  of  alkalies  on 
protein;  since  we  know  that  protein,  submitted  to  such  influences, 
yields  products  which  in  their  chemical  composition  approximate 
closely  to  glutin,  and  that  the  blood  is  sufficiently  alkaline  to  effect 
such,  or  similar,  modifications. 

In  the  hair,  we  find,  associated  with  bisulphuret  of  protein  Fr+2 
S,  a  connecting  tissue,  C^  H^  N  O^  which  diffisrs  from  glutin,  C^^ 
H    Njj  0^  simply  by  one  atom  ot  nitrogen. 

Morever  protid,  C^  H^  N  0^,  and  erythroprotid,  C  H^  N  0^ 
nearly  resemble  dutin  in  their  composition,  and  both  glutin  and  the 
protein-compounds  yield  leucin  when  treated  with  caustic  potash. 
These  facts  render  it  in  the  highest  degree  probable,  that  glutin  is 
formed  in  the  organism,  from  the  decomposition  of  protein  by  alka- 
lies; much  as  protid  and  erythroprotid  are  produced  in  the  labora- 
tory. A  reference  to  the  symbolical  illustration  in  page  23,  will 
show  that  with  every  two  equivalents  of  ammonia  that  are  deve- 
loped, there  are  produced  one  equivalent  of  protid,  C^  H^  N  0^  and 
one  of  erythroprotid  C^  H^  N  0^  If  we  iidd  to  each  of  these  the 
elements  of  one  equivalent  of  ammonia,  we  obtain 

Cu  H»  N,  0,  and  C„  H„  N,  0,. 

It  only  remains  for  us  to  assume  that  the  oxygen  which  is  continu- 
ally acting  on  the  blood  in  the  lungs,  yields  three  equivalents  of 
oxygen  to  the  former,  and  one  to  the  latter  of  these  substances,  and 
we  have  firom  the  protid, 

t  See  Appendix  I,  Nols  15. 
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C«  H„  N  0,+ 0,        or  C„  H.  N,  0, + 2  HO ; 

md  from  the  enrthroprotid, 

C«H„N.O.+  0         or         C„H„N,0+HO; 
that  IB  to  sajf  glutin  and  water  may  be  sopposed  to  be  formed  from 
protid  and  erythroprotid  by  the  ammonia,  which  the  alkali  of  the 
blood  evolyes  from  the  protein-compounds,  with  the  co-operation  of 
the  oxygen  of  the  atmosphere,  in  the  lungs.^    In  the  present  state 
of  organic  chemistry,  it  is  impossible  in  most  cases,  to  state  with  cer- 
tainty how  changes  such  as  these  take  place;  we  can  only  indicate 
the  poarible,  and  the  most  probable  methods.    That  the  gelatinous 
tissues  are  evolved  from  protein-compounds,  in  some  manner  or 
other,  cannot  admit  of  a  doubt    From  what  other  source  can  they 
be  derived  in  the  chick,  but  from  the  protein-compounds  of  the  egg? 
That  chondrin  and  glutin,  the  two  principal  forms  of  gelatin,  are 
closely  allied  to  protein,  is  sufBciently  clear.    Thev  will  not  how- 
ever yield  protein,  when  acted  on  by  potash ;  neither  do  they  pro- 
duce a  purple  colour  with  hydrochloric  acid.     Consequently  they 
do  not  contain  protein.     Hence  it  is  that  animals  fed  exclusively  on 
l^atin,  die  with  the  S3rmptoms  of  starvation,  for  the  gelatin  cannot 
yield  albumen,  fibrin,  or  casein ;  and  the  animal  system,  although  it 
has  the  power  of  converting  one  protein-compound  into  another, 
does  not  possess  the  power  orforming  protein  from  substances  which 
do  not  eontain  it    Uonsequentiy  blood  cannot  be  formed  from  gela- 
tin, and  the  animal  soon  dies.    The  probable  uses  of  a  mixed  gela* 
tinous  diet  for  convalescents,  are  pointed  out  by  Liebig  in  his  'Ani- 
mal Chemistry,' pp.  98-9. 

Diagnosis.  Chondrin  and  dutin  may  be  recognised  by  their 
property  of  gelatinizing  on  cooling,  and  by  the  energetic  action  of 
tannin  on  their  solutions.  Ferrocyanide  of  potassium  added  to  an 
acidulated  solution  of  these  substances,  serves  to  distinguish  them 
from  the  protein-compounds;  and  either  acetic  acid  or  alum  will  suf- 
fice to  distinguish  chondrin  from  glutin. 

8.  Pyin.  This  term  was  applied  by  Guterbock  to  a  peculiar  sub- 
stance which  occurs  in  pus,  and  which  he  isolates  in  the  following 
manner.  He  precipitates  the  pyin,  together  with  albumen,  from 
pas,  by  the  addition  of  strong  alcohol.  The  precipitate  is  treated 
with  water,  which  dissolves  the  pyin :  any  albumen  that  may  be  dis- 
solved at  the  same  time,  can  be  coagulated  by  heat,  and  removed  by 
filtration;  and  in  this  manner  a  tolerably  pure  solution  of  pyin  is  ob- 
tained. Vogel  did  not  succeed  in  obtaining  it;  and  from  Simon's 
researches  it  would  hardly  appear  to  be  a  constant  constituent  of  pus, 
and  purulent  sediments. 

Pyin  is  soluble  in  water  and  aqueous  alcohol,  but  not  in  alcohol 

>  The  recent  inveedgatians  of  Enderiin,  diowing  diat  there  is  no  fiee  alkali  in  die  Uood, 
but  that  ita  aDufine  reaction  is  due  to  tribasic  photphate  of  aoda,  tend  to  throvr  conaiderafale 
doobt  on  the  infenioaa  hypotheaa  of  Mulder,  grven  in  die  text  it  nMMt  aln  be  remem- 
bered that  fencin,  protid,  and  eiytfaropiotid  have  nerer  yet  been  detected  in  the  aiUBal  m- 
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of  -865,  or  stronger.  It  does  not  coagulate  on  boiling.  When^ 
thoroughly  dried  it  forms  a  gray  powder,  which  does  not  admit  of 
being  perfectly  redissolved  in  water.  Acetic  acid,  tannin,  and  alum 
throw  down  precipitates,  which  are  insoluble  in  an  excess  of  the 
test  Ferrocyanide  of  potassium  does  not  precipitate  a  solution  of 
pure  pyin;  but  on  the  addition  ^f  a  little  hydrochloric  acid,  a  preci- 
pitate appears,  which  immediately  vanishes  on  the  addition  of  a  little 
more  ot  the  acid.  According  to  Mulder,  it  is  identical  with  tri- 
toxide  of  protein. 

Diagnosis  of  pyin.  Pyin  may  be  recognised  by  its  reactions 
with  acetic  acid  and  alum.  It  may  be  distinguished  from  the  pro- 
tein-compounds (albumen,  fibrin,  casein,)  in  the  same  manner  as 
pepsin  and  dutin.  It  difiers  from  pepsin,  by  its  acetic-acid  precipi- 
tate not  redissolving  in  an  excess  of  the  test,  and  from  glutin  and 
chondrin,  by  a  similar  behaviour  on  the  part  of  the  alum  precipitate. 

9.  Extractive  Matters. 

After  the  removal  of  the  protein-compounds  from  the  animal 
fluids,  there  still  remain  certain  salts,  (lactates,  chlorides,  phoq)hates, 
and  sulphates,)  together  with  organic  nitrogenous  matter,  which  after 
evaporation  remam  as  an  amorphous  mass.  It  is  to  this  organic  ni- 
trogenous matter,  after  the  salts  have  been  removed  by  their  appro- 
priate solvents,  that  the  term  extractive  matter  is  applied.  It  is 
as  generally  difiused  over  the  whole  system  as  the  protein-com- 
pounds; we  meet  with  it  in  blood,  bile,  milk,  urine,  mucus,  pus,  and 
all  the  ^ft  tissues,  and  most  abundantly  in  muscular  flesh.  Hence 
the  extractive  matter  of  flesh  merits  especial  attention.  The  extrac- 
tive matters  from  other  sources,  as  from  blood,  urine,  milk,  &c.,  will 
be  subsequently  noticed,  and  their  leading  characters  contrasted  with 
those  of  our  standard  extractive  matter,  Uie  extract  of  flesh. 

For  the  purpose  of  thoroughly  examining  the  extract  of  flesh  in 
all  its  chemical  bearings,  Simon  experimented  on  eight  pounds  of 
the  thickest  part  of  a  lee  of  pork,  which  he  freed  as  much  as  possi- 
ble from  sinew,  fat,  cellular  tissue,  and  every  thing  tliat  was  not 
absolutely  muscular  flesh.  It  was  then  cut  in  small  pieces,  and  cold 
water  was  poured  over  it  After  beins  allowed  to  stand  in  water 
for  some  time,  it  was  removed  and  boiled  three  successive  times  in 
fresh  water.  These  boilings  were  collected,  and  a  little  fat  skimmed 
off  The  cold  water  in  which  it  was  first  placed,  was  then  boiled 
and  mixed  with  the  rest  The  whole  was  then  filtered,  and  appeared 
as  a  light  yellow  fluid,  with  a  strong  smell  and  taste  of  broth.  This 
fluid  was  evaporated  to  the  consistence  of  a  thin  syrup.  After  cool- 
ing, it  did  not  gelatinize,  and  contained  no  glutin,  or  at  most,  a  mere 
trace. 

Alcohol  was  added  to  this  thin  syrup,  until  all  the  constituents  in- 
soluble in  spirit,  appeared  to  have  separated,  and  deposited  them- 
selves at  the  bottom. 
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We  thus  separate  the  extractive  matter  into  two  distinct  parts, 
one,  soluble  in  water,  but  not  in  dilute  alcohol,  the  other  soluble  in 
the  latter  menstruum. 

The  former,  when  evaporated  at  a  gentle  temperature,  is  of  a 
brownish  yellow  colour,  and  is  tolerably  firm,  tenacious,  and  tough; 
it  is  termed  water^extract. 

The  latter  must  be  evaporated  to  the  consistence  of  an  extract, 
and  treated  with  fi*om  twelve  to  sixteen  times  its  volume  of  absolute 
alcohol.  The  mixture  must  then  be  heated,  and  well  shaken,  so  as 
to  mix  the  alcohol  with  the  deposited  portion  as  thoroughly  as  pos- 
sible. The  alcoholic  solution  clears  on  standing,  and  assumes  a  yel- 
low colour.  It  must  be  removed  from  the  insoluble  residue,  and 
gently  evaporated  to  a  clear  brown  syrup,  which,  after  cooling  and 
standing  for  some  time,  assunles  a  solici  form;  it  dissolves  freely 
both  in  water  and  absolute  alcohol  By  repeatedly  treating  the  in- 
soluble residue  with  hot  absolute  alcohol,  we  remove  all  that  is  solu- 
ble in  that  fluid,  and  there  is  left  a  tolerably  firm,  tough,  brown 
extract,  which  is  soluble  only  in  aqueous  alcohol,  and  to  which  the 
term  spirii'exiraci  is  eiven.  We  distinguish  the  portion  which  is 
soluble  in  absolute  alcohol  by  the  term  aleahoUtxiract, 

The  extractive  matter  is  thus  separated  into  three  distinct  parts : 
these  are— -> 

A.  That  which  is  soluble  in  water,  but  not  in  dilute  alcohol: 
waier-exhiiei. 

B.  That  which  is  soluble  in  water  and  spirit,  but  not  in  anhy- 
drous alcohol:  spirit-extract. 

C.  That  which  is  sbluble  in  water,  in  spirit,  and  in  anhydrous 
alcohol:  alcohol-extract. 

A,  The  water-extract  contains: 

a  Constituents precipitable  by  tannic  acid: 

(a)  A  matter  not  precipitable  by  neutral  acetate  of  lead,  but 

by  basic  acetate  of  lead  and  bichloride  of  mercury. 
(h)  A  matter  precipitable  by  neutral  and  basic  acetates  of 
lead,  ana  by  oichloride  of  mercury. 
^  Constituents  not  precipitable  by  tannic  add: 

(c)  A  gummy  matter  not  precipitable  by  neutral  acetate  of 

lead,  or  bichloride  of  mercury,  but  by  basic  acetate  of 
lead. 

[d)  A  matter  freely  precipitable  by  basic  acetate  of  lead,  and 

very  slightly  by  neutral  acetate  of  lead,  and  bichloride 
of  mercury. 
{e)  A  matter  precipitable  by  neutral  and  basic  acetates  of 
lead,  but  not  by  bichloride  of  mercury;  the  2!omidin 
of  Berzelius. 

B.  The  spirit-extract  contains : 

A.  Constituents  precipitable  by  tannic  acid: 
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(a)  A  matter  not  precipitable  by  neutral  or  baiic  acetate  of 

lead,  but  by  bichloride  of  mercury. 

(b)  A  matter  not  precipitable  by  neutral  acetate  of  lead,  or 

bichloride  of  mercury,  but  by  basic  acetate  of  lead. 

(c)  A  matter  precipitable  by  neutral  and   basic  acetate  of 

lead,  but  not  by  bichloride  of  mercury. 
p.  Constituents  not  precipitable  by  tannic  acid: 

(d)  A  matter  rather  indifferent  towards  reagents. 

(e)  A  matter  discovered  and  described  by  Chevreul;  Kreatin. 

C.    The  alcohol-extract  contains: 
cu  Constituents  precipitable  by  tannic  acid: 

(a)  A  matter  precipitable  by  basic  acetate  of  lead,  and  bi- 

chloride of  mercury,  but  not  by  neutral  acetate  of  lead. 

(b)  A  matter  precipitable  by  basic  acetate  of  lead,  and  by 

an  excess  of  bichloride  of  mercury,  but  not  by  neo* 
tral  acetate  of  lead:  it  is  crystalline. 
/3.  Constituents  not  precipitable  by  tannic  acid: 

(c)  A  matter  precipitable  by  basic  acetate  of  lead,  but  not 

by  neutral  acetate  of  lead,  or  bichloride  of  mercury. 

The  substances  Aa,  Ad,  Ba,  &c,  must  be  regarded  as  the  proxi- 
mate constituents  of  tiie  three  groups  of  extractive  matters. 

We  shall  arrange  them  in  two  classes,  according  as  they  are  or  are 
not  precipitable  by  tannin. 

Constituents  of  the  extract  qf  fleshy  precipitable  by  tannin. 

Aa  exists  in  very  small  quantity  in  the  water-extract:  it  may  be 
distinguished  from  the  protein-compounds  by  its  indifference  to- 
wards ferrocyanide  of  potassium;  from  pepsin  and  pyin,  by  its 
indifference  to  dilute  acids;  and  from  chondrin  and  glutin,  by  its 
aqueous  solution  not  gelatinizing  on  cooling. 

Ab  may  be  distinguished  in  the  same  manner  as  Aa,  from  the  pro- 
tein-compounds, pepsin,  &c.^  It  differs  from  Aa  in  being  precipi- 
tated by  protochloride  of  tin.  When  isolated,  it  is  tolerably  soluble 
in  alcohol,  although  that  fluid  will  not  extract  it  directly  from  the 
water-extract 

Ba  occurs  in  minute  quantity  in  the  spirit-extract  It  may  be 
distinguished  from  the  preceding  compounds  by  its  solubility  in 
spirit,  and  by  its  reaction  with  the  acetates  of  lead. 

These  three  substances,  Aa,  Ab,  and  Ba,  differ  so  slightly  in  their 
reactions  with  various  tests,  that  we  may  conclude  that  in  all  pro- 
bability they  are  merely  modifications  of  one  and  the  same  matter. 

Bb  may  be  distinguished  from  the  preceding  compounds  by  its 
indifference  towards  oichloride  of  mercury. 

Be  is  freely  precipitated  by  the  addition  of  sulphate  of  copper, 

i  The  ame  obwrvBtiaQ  applies  efjotOy  to  aB  the  ibOofwingooarthiiaitf  of  eKtmetn«  mtler. 
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ixit  the  deposit,  which  is  of  a  brownish  colour,  readily  dissolves  in 
an  excess  of  the  test  If  just  a  sufficient  quantity  of  the  solution 
of  sulphate  of  copper  to  dissolve  the  precipitate  be  added,  and  heat 
applied,  a  green  precipitate  forms,  and  the  supernatant  fluid  is  like- 
wise green.  Alum,  cautiously  added,  throws  down  a  brownish  yel- 
low flocculent  precipitate,  which  dissolves  in  an  excess  of  the  test 
Infusion  of  galls,  added  in  small  quantity,  scarcely  produces  any  tur^ 
bidity  in  a  solution  of  this  constituent,  but  when  added  freely,  a 
copious  precipitate  is  deposited,  which  disappears  on  the  application 
of  heat,  but  returns  as  the  solution  cools,  dc  may  be  distinguished 
from  A  a,  and  Ad,  by  its  indifference  towards  bichloride  of  mercury; 
from  Bcr,  and  Bd,  by  its  behaviour  with  neutral  acetate  of  lead,  and 
sulphate  of  copper. 

Ca  is  precipitable  by  protochloride  of  tin.  This,  together  with 
the  reactions  it  displays  towards  bichloride  of  mercury  and  infusion 
of  galls,  and  its  solubility  in  anhydrous  alcohol,  is  sufficient  to  dis- 
tinguish it  from  any  of  tJie  preceding  constituents. 

The  characteristics  already  mentioned  are  sufficient  to  distin- 
guish Cb. 

Constituenis  of  the  extract  of  flesh  not  precipitable  by  tannin. 

Ac  is  remarkable  for  its  indifference  towards  reagents.  The  only 
important  tests  have  been  already  mentioned. 

Ad  is  freely  precipitated  by  bichloride  of  platinum;  moreover 
the  precipitate  thrown  down  by  basic  acetate  of  lead  is  increased  by 
heat 

Ae  (zamidin)  yields  a  very  copious  green  or  grayish  green  de- 
posit, on  the  addition  of  acetate  of  copper.  This  precipitate  does 
not  dissolve  in  an  excess  of  the  test,  but  dissolves  freely  in  acetic 
acid:  on  boiling  this  precipitate  in  caustic  potash,  it  is  rendered 
brown,  while  the  supernatant  fluid  assumes  a  faint  purple  red  tint 
Infusion  of  galls  renders  a  solution  of  zomidin  slightly  turbid,  and 
after  some  hours  a  few  flocculi  are  deposited,  possibly  in  consequence 
of  the  existence  of  some  impurity  in  the  zomidin. 

Berzelius  considers  that  the  savour  of  boiled  and  roasted  meat  de- 
pends on  this  constituent 

Bd  yields  a  yellow  precipitate  to  bichloride  of  platinum,  a  white 
deposit  to  the  acetates  of  lead,  and  its  solution  is  rendered  slightly 
turbid  by  infusion  of  galls :  the  turbidity  however  disappears  on  the 
application  of  heat 

Be  (kreatin)  is  distinguished  from  all  the  preceding  substances  by 
its  property  of  separating  in  rectangular  crystals,  and  by  its  indif- 
ference towards  the  ordinary  reagents. 

Cc  yields  a  copious  white  precipitate  (which  soon  darkens)  to 
nitrate  of  silver,  and  a  chocolate-brown  deposit  to  a  solution  of 
iodine. 

There  can  be  no  doubt  from  the  recent  investigations  of  Mulder, 
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that  the  binoxide  and  tritoxide  of  protein  occur  in  the  constituents 
of  the  water-extract,  and  are  probaUy  identical  with  some  of  them. 

The  relative  proportions  of  water-yspirit-,  and  alcohol-extract  in 
flesh,  blood,  urine,  and  milk,  appear  to  fluctuate.  Simon  found  that, 
in  the  extractive  matter  of  flesh,  the  water-extract  predominates, 
while  he  could  only  obtain  a  very  small  amount  of  spirit«xtract;  in 
the  extractive  matter  of  blood,  the  water-extract  is  also  the  most 
abundant,  but  here  the  amount  of  alcohol-extract  is  less  than  that  of 
spirit-extract;  in  the  extractive  matter  of  urine,  the  water-extract 
was  the  most  scanty,  and  the  alcohol-extract  the  most  abundant;  and 
in  the  extractive  matter  of  milk,  the  alcohol-extract  was  the  least  of 
the  three. 

Extractive  matter  of  blood.  Simon  gives  the  following  direc- 
tions for  the  exhibition  of  the  extractive  matter  of  blood.  A  quart 
of  blood  is  heated  to  the  boiling  point,  and  a  sufficient  quantity  of 
water  is  then  added  to  reduce  it  to  a  thin  pultaceous  state.  After 
standing  for  some  time,  it  is  strained,  and  the  red  fluid  which  passes 
through  is  again  boiled.  In  this  manner  we  obtain  a  clear  yellow 
fluid,  which  no  longer  becomes  turbid  on  the  application  of  heat 
On  evaporation,  this  fluid  assumes  a  dark  green  colour;  and  on  far- 
ther concentration  to  the  consistence  of  a  syrup,  it  changes  to  a 
brown  tint  At  the  same  time  a  Aim  forms  on  the  surface,  which 
leads  to  the  conclusion  that  a  caseous  matter  (in  this  case  globulin)  is 
present     The  extract  exhibits  an  alkaline  reaction. 

When  the  extract  has  been  reduced  to  the  consistence  of  a  syrup, 
it  is  treated  with  alcohol  of  'SSS,  which  throws  down  a  copious 
brown  precipitate.  The  clear  alcoholic  fluid  is  removed  and  evapo- 
rated. It  forms  a  brown  extract,  which  is  devoid  of  the  aromatic 
odour  that  is  perceptible  in  the  spirit-,  and  alcohol-extract  of  flesh. 
The  residue  is  evaporated  to  the  consistence  of  a  thin  extract,  and 
then  treated  with  absolute  alcohol,  which,  when  evaporated,  leaves  a 
very  small  amount  of  alcohol-extract 

tVater-extract  of  blood.  It  is  of  a  dark  brown  colour,  and  pos- 
sesses a  strong  l^ste  of  salt  Its  reaction  is  sHehtly  alkaline,  and 
there  is  nothing  remarkable  about  its  odour.  On  incineration,  it 
leaves  an  alkaline  ash,  which  effervesces  on  the  addition  of  an  acid. 

The  following  are  its  most  important  cliemical  relations. 

Acetic  acid  produces  a  turbidity  which  only  disappears  in  a  ereat 
excess  of  the  test:  ferrocyanide  of  potassium  throws  down  a  slight 
precipitate  from  the  clear  acid  fluid,  consisting  of  albumen. 

Neutral  and  basic  acetate  of  lead  produce  a  copious  brown  pre- 
cipitate; bichloride  of  mercury,  even  in  excess,  produces  no  appa- 
rent change.     Infusion  of  ealls  induces  merely  a  slight  turbidity. 

Spirit-extract  cf  blood  is  of  a  dark  brown  colour,  and  a  strongly 
salt  taste.  During  evaporation  it  becomes  covered  with  a  coating  of 
salts;  and,  after  a  certain  degree  of  concentration,  it  solidifies,  in 
consequence  of  the  amount  of  the  salts.  It  leaves  a  porous  coal, 
which  does  not  very  easily  bum  to  a  white  ash.  This  ash  is  strongly 
alkaline,  and  efiervesces  briskly  on  the  addition  of  an  acid. 
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The  ai|i]eou8  solution  of  the  spirit-extract  has  a  very  feeble  alka- 
line reaction. 

Acetic  add  produces  a  slight  turbidity,  which  disappears  on  the 
addition  of  a  considerable  excess  of  the  test 

Neutral  and  basic  acetates  of  lead  and  infusion  of  galls  produce 
copious  precipitates;  bichloride  of  mercury  effects  no  apparent 
cfaanfle. 

JUtohol'txtract  qf  blood.  When  the  alcohol  in  which  this  sub- 
stance 18  contained,  is  evaporated  to  the  consistence  of  an  extract, 
and  then  wanned  with  emer,  we  obtain  a  greenish  brown  matter, 
which,  after  the  eyaporation  of  the  ether,  is  soluble  in  water.  Its 
amount  is  very  minute;  it  has  a  feeble,  dkaline  reaction,  and  pos- 
seases  a  very  disagreeable  and  nauseous  taste.  It  is  precipitated  by 
perchloride  of  tin  and  nitrate  of  silver,  but  not  by  neutral  or  basic 
acetate  of  lead,  bichloride  of  mercury,  or  infusion  of  galls. 

Extractive  matter  of  urine.  The  urine  must  be  evaporated  in 
order  to  precipitate  the  salts  as  much  as  possible,  and  then  placed  in 
a  fi^eezing  mixture  for  the  same  purpose.  When  it  is  reduced  to  the 
conaistenee  of  a  thick  syrup,  alcohol  of  *833  must  be  added  to  it  as 
long  as  any  additional  precipitate  is  thrown  down.  This  precipitate 
consists  of  salts,  and  contains  hardly  any  extractive  matter;  it  must 
be  sraarated  from  the  supernatant  t^idj  washed  with  alcohol  of  '833, 
dissolved  in  water,  and  precipitated  again  by  alcohol.  In  this  man- 
ner the  q)irituous  solution  assumes  a  yellow  colour,  while  the  salts 
are  rend^vd  colourless.  By  the  evaporation  of  this  yellow  spiritu- 
ous solution  we  obtain  the  water-extract  qf  urine.  It  exists  in  very 
minute  quantity.  Infusion  of  galls  produces  hardly  any  marked  ef- 
fisct,  neither  does  bichloride  of  mercury;  neutral  and  basic  acetates  of 
lead  yield  a  copious  precipitate. 

Spirit-extract  qf  urine  is  obtained  by  evaporating  the  spirituous 
solution  to  the  consistence  of  a  thick  extract;  it  is  then  treated  with 
a  little  anhydrous  alcohol,  and  subsequently  with  ether.  By  shaking, 
and  the  application  of  a  gentle  warmth,  tibe  ether  assumes  a  yellow 
colour,  and  a  light  brown  matter  separates;  this  must  be  washed  in 
ether,  and  then  treated  with  absolute  alcohol,  which  throws  down  a 
brown  extractive  matter,  while  the  alcohol  assumes  a  nearly  similar 
tint  This  precipitate  must  be  washed  with  absolute  alcohol,  dis- 
solved in  water,  and  evaporated.  Us  ash  contains  a  considerable  ^ 
amount  of  chlorides.  Infusion  of  galls,  bichloride  of  mercury,  and 
neutral  acetate  of  lead  do  not  affect  its  solution,  but  basic  acetate  of 
lead  throws  down  a  copious  precipitate. 

Jllcohol  extract  of  urine  is  obtained  by  the  evaporation  of  the  brown 
alcoholic  solution  referred  to  a  few  lines  back.  On  the  addition  of 
anhydrous  alcohol  it  is  reduced  to  a  yellow  fluid,  from  which  urea 
separates  on  slow  evaporation.  After  the  removal  of  this  substance, 
we  have  the  substance  known  as  alcohol-extract  of  urine.  Infusion 
of  galls,  bichloride  of  mercury,  and  neutral  acetate  of  lead  do  not  in- 

4* 
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fluenoe  its  solution;  it  is,  however*  precipitated  by  basic  acetate  of 
lead. 

Extractive  mutter  of  milk.  For  the  purpose  of  investigatiiig  the 
properties  of  this  substanoe,  Simon  eraporated  a  quart  of  woman's 
milfc  (partly  colostrum  and  partly  during  the  early  weeks  of  lacta- 
tion) to  about  eicht  ounces,  and  he  then  remored  the  casein  and 
butter  by  the  addition  of  alcohol.  After  filtration,  some  wator  was 
added;  the  fluid  was  MCuu  evaporated  to  a  residue  of  a  £bw  ounces, 
treated  with  alcohol  of  "833,  and  allowed  to  rest  for  some  time 
Sugar  of  milk  of  a  slightly  yellow  colour  was  deposaled,  and  the  su- 
pernatant fluid  had  nearly  the  same  tint  The  latter  was  evaporated 
on  the  water-bath  to  the  consistence  of  a  syrup,  and  then  treated  with 
anhydrous  alcohol,  which  reduced  nearly  the  whole  syrup  to  a  sdid 
consistence,  while  the  alcohol  above  it,  which  contained  tne  alcohol- 
extract/was  hardly  tinged  yellow.  The  precipitate  which  is  thrown 
down  by  the  anhydrous  alcohol  contains  the  i^irit-extract,  and  the 
watei^xtract  is  contained  in  the  yellow-coloured  sugar  of  milk. 

The  waterHxtract  qfmilk  is  obtained  by  treating  the  precipitated 
sugar  of  milk  with  water,  and  allowing  it  to  stand,  well  covered,  for 
some  daysL  In  this  manner  we  obtam  a  yellow,  almost  dear,  and 
viscid  fluid,  standing  above  the  white  suj^  of  milk.  On  removing 
this  fluid,  and  allowinff  it  to  evaporate  spontaneously,  a  fredi  quan- 
tky  of  sugar  of  milk  is  deposit^;  in  fact,  it  appears  impossible  to 
remove  aU  traces  of  this  constituent  of  the  milk  fix>m  the  water- 
extract  Alcohol  throws  down  a  yellow,  glutinous,  tough  extract^ 
which  exhibits  a  feeble  alkaline  reaction  towards  litmus  paper.  This 
is  the  watcr-extrnct  When  burned,  it  leaves  a  porous  coal,  firom 
which  a  white  alkaline  ash,  contuning  carbonates,  may  be  otodned 
without  much  difficulty. 

It  is  precipitated  from  its  solution  by  infusion  of  galls,  basic  and 
neutral  acetates  of  lead,  but  not  by  bichloride  of  awrcury. 

The  jpiriV  extract  of  milk  is  obtained  from  the  precipitate  which 
was  thrown  down  by  the  anhydrous  alcohol;  it  must  be  dissolved  in 
a  little  water,  and  treated  with  alcohol  of  *8d3,  which  usually  causes 
the  separation  of  a  little  sugar  of  milk.  The  spirituous  solution  must 
now  be  evaporated  to  a  very  small  residue,  and  some  distilled  water 
added,  which  produces  a  considerable  turbidity,  and  ultimately  causes 
a  slight  white  precipitate.  The  nature  of  this  precipitate  remains 
doubtful.  The  spirit-extract  is  thrown  down  from  its  solution  by 
infusion  of  ealls  and  basic  and  neutral  acetates  of  lead,  but  not  by 
bichloride  of  mercury. 

The  alcohol  extract  of  milk  is  obtained  by  the  evaporation  of  the 
yellow  anhydrous  alcoholic  solution  that  has  been  already  referred 
to.  It  exists  in  very  minute  quantity,  is  of  a  yellow  colour,  and  is 
not  materially  afiected  by  infusion  of  galls,  bisic  or  neutnd  acetates 
of  lead,  or  bichloride  of  mercury. 

Ptyalin  and  pyin  may  be  regarded  as  water-extracts  of  saliva  and 
pus. 
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10.  Colouring  Matters, 


I.  THE  BLOOD. 


a.  Ummatin.  This  colouring  matter  is  enclosed  in  thin  sacs  or 
vesiclesi  composed  of  a  protein-compound,  globulin:  these  vesicles 
exist  in  countless  numbers  in  the  circulating  fluids  and  are  termed 
blood-corpusdes. 

It  has  been  generally  assumed  that  this  pigment  exists  in  two  dis- 
tiDCt  chemical-  states  in  arterial  and  venous  blood,  having  in  the 
former  an  excess  of  oxygen,  in  the  latter  an  excess  of  carbon  or  car- 
bonicacid.  Mulder  has,  however,  shown  that  its  elementary  compo- 
rition  is  thesame,  whether  obtained  from  arterial  or  from  venous  blood, 
and  that  it  may  be  represented  by  the  formula^  C44  Hsi  N3  Oq  Fe. 
Its  composition  seems  likewise  to  be  identical  in  all  vertebrated  ani- 
mals.* 

Various  methods  have  been  proposed  for  the  exhibition  of  pure 
haematin.  The  following,  adopted  bv  Simon,  is  perhaps  the  sim- 
plest Whipt  and  thoroughly  dried  blood  must  be  pulverized,  and 
its  fat  removed  by  repeated  extraction  with  ether,  ft  must  then  be 
boiled  with  anhydrous  alcohol,  and  during  the  process  of  ebullition 
a  ouantity  of  sulphuric  acid,  diluted  with  cold  alcohol,  must  be  added, 
sufficient  to  communicate  a  marked  acid  taste  to  the  mixture.  In 
this  manner  a  blackish  brown  solution  of  sulphate  of  haematin  is  ob- 
tained, which  must  be  saturated  with  carbonate  of  ammonia.  If  the 
mixture  be  allowed  to  stand  for  some  time,  the  sulphate  of  ammonia 
may  be  separated  by  filtration;  the  greater  part  of  the  alcohol  must 
then  be  removed  by  distillation.  Tnis  part  of  the  process  reouires 
much  caution,  and  the  distillation  must  be  conducted  very  genUy,  as 
the  action  of  the  fluid  is  oflen  violent  The  haematin,  which  is  ulti- 
mately precipitated,  must  be  carefully  washed  with  water,  in  order 
to  remove  any  traces  of  sulphate  of  ammonia.  It  must  then  be  dried 
on  the  water-bath,  pulverized,  and  treated  with  ether  as  long  as  it 
continues  to  communicate  a  dark  tint  to  that  menstruum.  The  ether 
takes  up  a  certain  amount  of  hsBmaphaein  associated  with  fat  The 
luematin  must  be  boiled  in  distilled  water,  as  Ions  as  it  continues  to 
give  off  salts  and  alcohol-extract,  and  then  in  alcohol,  till  everything 
soluble  in  that  fluid  is  removed.  The  substance  that  is  left  may  be 
renrded  as  pure  haematin. 

We  can  only  isolate  it  in  this  coagulated  and  insoluble  condition. 
In  the  blood-corpuscles  it  exists  in  a  state  of  solution. 

When  obtained  by  the  process  that  we  have  just  described,  it  is  of 
a  blackish  brown  colour,  is  devoid  of  taste  and  odour,  is  insoluble  in 
water,  ether,  fatty  and  ethereal  oils,  and  in  bi-sulphuret  of  carbon. 

>  8m  ApiMndfac  I,  Note  16. 

>  Lkum  f»^"»«"^  hnoBtm  from  human  Uood,  and  from  that  of  the  oz,  domestic  hen, 
duck,  frig^  cvp^  and  mttdiflreL  The  oofy  difleitnce  was  in  ttie  proportiou  of  poiozide  of  iron 
feft  iHhb  tivfasmatin  waa  mooanAed. 
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It  is  usually  stated  to  be  insoluble  in  alcohol,  but,  according  to  Simon, 
boiling  alcohol  takes  it  up  slightly.  It  is  freely  soluble  in  alcohol 
acidulated  with  sulphuric,  hydrochloric,  nitric,  or  acetic  acid,  and 
communicates  a  tint  to  that  menstruum  varying  from  a  brown  to  a 
lisht  red,  according  to  the  strength  of  the  solution.  On  the  addition 
oi  water  the  haematin  gradually  precipitates.  Ha&matin  dissolves 
freely  in  water  or  alcohol  renderecf  alkaline  by  ammonia,  potash,  or 
soda:  but  the  alkaline  reaction  is  not  in  any  desree  neutralized  by 
the  ha&matin.  On  the  application  of  a  strong  heat  naematin  swells  up, 
gives  off  an  animal  odour,  and  burns  with  a  clear  flame.  It  leaves  a 
voluminous  coal,  which  is  ultimately  reduced  to  a  dark  red  ash. 
When  heated  in  a  test  tube  it  develops  ammonia,  and  gives  origin 
to  a  reddish  empjnreumatic  oil 

Mulder  has  carefully  examined  the  action  of  chlorine  on  haematin. 
He  found  that  if  a  current  of  chlorine  be  transmitted  through  water 
containing  haematin  in  suspension,  the  iron  leaves  the  other  dements, 
and  forms  a  chloride  of  iron,  while  the  atom  of  metal  thus  removed 
is  replaced  by  six  atoms  of  chlorous  acid,  and  a  compound  is  formed, 
which  is  represented  by  the  formula  C^  H^  N^  0^+  6  CI  0^ 

During  this  process  tiie  red  colouring  matter  is  destroyed,  and  the 
new  compound  appears  as  a  white  flocculent  precipitate.  It  must 
no^  however,  be  assdmed  from  this  experiment  that  the  red  colour 
of  the  blood  is  dependent  on  the  iron,  for  that  constituent  may  be 
removed  from  the  hcematin  without  materially  affecting  its  tint,  as 
may  be  shown  in  the  following  manner.  Let  some  dried  blood  be 
mixed  with  concentrated  sulphuric  acid,  and  afler  standing  for  some 
days  let  water  be  added.  Hydrogen  gas  is  evolved  by  the  action  of 
the  acid  on  the  dried  blood,  and  sulphate  of  the  protoxide  of  iron  is 
formed.  If  the  blood,  after  this  process,  be  carefully  washed,  a  mix- 
ture of  alcohol  and  sulphuric  acid  will  extract  from  it  red  heematin 
in  combination  with  sulphoproteic  acid,  but  perfectly  free  from  iron. 
Van  Goudoever  has  deduced  the  following  formula  for  this  com- 
pound : 

C.,  H.,  N.  0«,  SO,-a,  H„  N,  O,  (^orgamc  p«t  of  tonntinO 

+9v^S"  ^-  ^»-  ^^«  (eulphflproteic  tckl,) 
-f4HO. 

Although  this  experiment  affords  conclusive  evidence  that  the  red 
colour  of  the  haematin  is  not  dependent  on  the  iron,  yet  this  metal 
is  very  firmly  combined  with  the  four  organic  elements  of  this  con- 
stituent Well  prepared  hsematin  may  be  submitted  for  several 
days  to  the  action  of  dilute  hydrochloric  or  sulphuric  acid,  without 
the  iron  diminishing  in  the  slightest  degree. 

Hsematin  treated  in  this  manner,  left  afler  incineration  9*49}  of 
peroxide  of  iron,^  the  amount  that  is  always  yielded  by  well-puri- 
fied haematin. 

PerandB  Meldlic 
«  of  Irml     Irao. 

^  1  In  100  puts  of  hamatin  from  human  blood,  Leonn  Ibnnd      .    .    .    IOjOO  ■■  6^93 
<<  «        fioroUoodofox         «         «         ...    18jB5  a  a90 
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The  eondition  ia  which  the  iron  exists  in  haematin  (whether  as  an 
oxide,^  a  carbonate,  a  carburet,  or  in  the  metallic  state)  has  long 
been  disputed. 

llie  probability  of  its  existence  in  a  metallic  state  is  strongly  sup- 
pcvted  by  the  evolution  of  hydrogen  that  occurs  when  the  clot  is  di- 
gested in  sulphuric  acid,  and  water  is  added ;  and  Mulder  suggests 
that  this  metal  probably  exists  as  an  integral  constituent  of  hsmatin, 
in  just  the  same  manner  as  iodine  occurs  in  sponge,  sulphur  in  cys- 
tin,  or  arsenic  in  the  kakodyl  series. 

Numerous  attempts  have  been  made  with  the  view  to  ascertain 
the  proportions  in  which  htematin  and  globulin  combine,  but  the 
results  have  been  very  discordant.  According  to  Berzelius,  the 
haematoglobulin  of  human  blood  contains  100  parts  of  globulin,  and 
5-8  of  haematin.  Simon  found  the  ratio  to  be  100  of  globulin  to 
6-5  of  haematin  in  the  blood  of  a  healthy  young  man,  and  100  of 
riobolin  to  5*3  of  haematin  in  the  healthy  blood  of  a  stout  girl.  In 
disease,  the  variations  are  much  greater.  Simon  has  found  as  the 
limits  8-5  and  3-3  of  haematin,  corresponding  to  100  of  globulin. 

Regarding  the  origin  of  haematin,  it  must  clearly  be  generated  in 
the  organism,  since  it  does  not  exist  in  the  vegetable  kingdom. 
Mulder  conceives  that  it  is  generated  from  the  normal  constituents 
of  the  blood  in  the  course  of  the  circulation.  Its  destination  also  is 
obscure.  In  common  with  all  the  constituents  of  the  body,  it  must 
be  generated,  consumed,  and  reproduced;  but  in  respect  to  the  ac- 
tual metamorphoses  that  it  undergoes  in  the  organism,  or  their  ob- 
ject, we  are  perfectly  in  the  darL  Mulder  suggests  that  the  pro- 
ducts of  the  decomposition  of  haematin  may  possicTy  be  traced  to  the 
bilifulvin  of  the  bile. 

Diag^nosis.  Haematin  may  be  known  both  in  its  coagulated  and 
soluble  state,  by  its  colour.  When  combined  with  globulin,  in  the 
blood-corpuscles,  it  may  be  recognised  by  the  microscope.  In  its 
coagulated  state  it  may  be  recognised  by  its  insolubility  in  water, 
alcohol,  and  ether. 

b.  Hasmaphasin.  This  term  is  applied  by  Simon  to  the  brown 
colouring  matter  which  seems  to  be  associated  with  haematin  in  the 
blood  of  the  vertebrata,  and  is  apparently  identical,  or  nearly  so,  with 
the  yellow  colouring  matter  described  by  Sanson.' 

It  may  be  distinguished  by  its  solubility  in  water,  alcohol,  and 
ether,  and  by  the  intense  brown-red  colour  that  it  communicates  to 
its  alcoholic  solution.    When  exposed  to  heat  on  a  platinum  spa-. 

In  100  parts  of  hamatin  from  arterial  blood  of  ox,  Mulder  found,  9j60  sa  SJ66 

*^                  -         from  venous  blood  of  ox       '*         **         .  9.82  s  6.75 

**                  «         from  blood  ofox,  Simon  found      ....  11.50  s  7i^ 

*<                  «         from  blood  of  aheep,  Mulder  found     ...  9.30  =  6A5 

^  Iran  is  not  separated  from  hcmatin  by  ammonia,  potash,  or  soda;  nor  is  its  presenoe 
m&atsd  by  tannin  or  fenocyanide  of  potaanum,  reagents  which  are  so  capable  of  detecting 
tbepnseooe  of  oxide  of  boB  m  ordinary  cases. 

s  Journal  de  Pharmade,  Aout,  1835,  p.  420. 
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tula,  it  does  not  melt,  but  develops  ammoniacai  vapours,  burns  with 
a  clear  flame,  and  leaves  a  very  trifling  ash,  which  is  perfectly  free 
from  peroxide  of  iron.  Marchand  remarks  that  hsmaphaein  is  no- 
thing more  than  heematin  modified  by  an  alkali,  just  as  O'Shaugh- 
nessy's  subrubriuy  and  Golding  Bird  and  Brett's  chhrohmnuUin 
and  xanthohsematin  are  products  of  the  action  of  nitric  acid  on 
hsematin.^ 

c.  Hssmacj/anifif  or  a  blue  colouring  matter,  has  been  detected  by 
Sanson  in  healthy  blood,  by  Lassaigne  and  Lecanu  in  the  blood  of 
icteric  patients,  and  by  Chevreul  m  the  bile.  Simon  never  suc- 
ceeded in  detecting  it  For  the  method  of  isolating  it,  and  for  a  de- 
scription of  its  chemical  characters  we  must  refer  to  Sanson's  paper. 
It  is  sufficient  to  remark  that  it  is  described  as  beine  insoluble  in 
water,  alcohol,  and  ether,  but  slightly  soluble  in  boiling  alcohol, 
from  which,  however,  it  separates  on  cooling.  On  the  addition  of 
ammonia  to  its  alcoholic  solution,  a  green  colour  is  evolved,  but  on 
the  addition  of  an  acid,  the  blue  colour  is  restored.  It  contains  no 
iron. 

II.   THE  BILE. 

a.  The  most  important  colouring  matter  of  the  bile  is  that 
to  which  it  owes  its  characteristic  brownish  yellow  tint  It  is 
termed  cholepyrrhin  by  Berzellus,  and  biliphxin  by  Simon.  We 
shall  adopt  the  latter  term.  On  the  gradual  addition  of  nitric  acid 
to  a  fluid  that  contains  this  substance  in  solution,  a  very  character- 
istic series  of  tints  are  evolved.  The  fluid  becomes  first  blue,  then 
green,  afterwards  violet,  and  red,  and  ultimately  assumes  a  yellow 
or  yellowish  brown  colour. 

All  attempts  to  isolate  this  substance  from  the  bile,  by  chemical 
means,  have  failed;  it  is  apparently  decomposed  by  the  processes 
that  are  adopted  in  the  analysis  of  this  complicated  fluid.  We  some- 
times, however,  find  it  deposited  in  the  form  of  a  yellow  powder,  in 
the  gall-bladder,  or  concreted,  with  a  little  mucus,  constituting  a 
biliary  calculus. 

In  this  manner  we  have  an  opportunity  of  examining  its  chemi- 
cal reactions.  Biliphaein  is  of  a  bright  reddish-yellow  colour,  and  is 
only  sliehtly  soluble  in  most  fluids ;  it  is  devoid  of  taste  and  odour, 
and  yields  ammonia  on  dry  distillation.  Water  takes  up  an  ex- 
tremely minute  trace  of  billphaein,  just  sufficient  to  communicate  a 
faint  yellow  tinge.  Alcohol  dissolves  more  than  water,  but  only  a 
very  inconsiderable  quantity.  Its  best  solvent  is  a  solution  of  caus- 
tic potash  or  soda,  both  of  which  are  more  efficient  than  ammonia. 
On  exposing  this  solution  to  the  atmosphere,  oxygen  is  absorbed, 

^  The  difloo^reiy  of  the  true  nature  of  subrabrin  is  due  to  Dra.  Brett  and  Golding  Bhd, 
who  showed  that  it  is  merely  hsmatin  mixed  with  a  little  albumen.  Their  chlorohematin  is 
hsmatin  partly  oxidized  by  nitric  add,  as  Marchand  observes;  and  their  xanthohsmatin  is  at 
present  supposed  hy  Dr.  G.  Bitd  to  be  identical  with  some  of  the  products  of  the  ooddatioo 
of  protein  recently  described  by  Mulder. 
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md  the  yellow  colour  becomes  gradually  green.  On  the  addition 
of  an  acid  to  this  yellow  or  green  solution,  there  is  precipitation  of 
green  flocculi  which  possess  all  the  properties  of  chlorophyll,  or  the 
creen  colouring  matter  of  leaves.  In  this  state  it  is  termed  biliver- 
din  by  Berzelius.  It  is  no  longer  biliphsein  (or  cholepyrrhin,)  but  a 
product  of  its  metamorphosis. 

The  colouring  matter  of  the  bile  may  be  separated  from  a  compo- 
site animal  fluid,  by  evaporation  to  dryness;  by  successive  extrac- 
tions with  alcohol  of  *845,  ether,  and  water;  by  dissolving  the  co- 
louring matter  in  a  solution  of  potash,  and  then  precipitating  it,  as 
biliverdin,  by  hydrochloric  acid. 

Diagnosis,  The  action  of  nitric  acid  affords  a  certain  test  of  the 
presence  of  biliphein. 

b.  Afler  the  separation  of  the  biliphssin,  by  conversion  into  bili- 
verdin,  another  colouring  matter  remains,  to  which  Berzelius  has 
given  the  name  of  bilifulvin.  It  is  a  double  salt  of  lime  and  soda, 
combined  with  an  organic  nitrogenous  acid,  to  which  the  term  bili- 
fulvic  acid  has  been  applied.  When  isolated,  this  acid  is  insoluble 
in  water  and  in  alcohol,  and  separates  in  pale  yellow  flocculi  when 
it  is  precipitated  from  an  aqueous  solution  of  its  salts  by  a  stronger 
acid.  Whether  bilifulvin  is  an  actual  constituent  of  the  bile,  or 
whether  it  is  a  mere  product  of  metamorphosis,  is  unknown. 

III.   THE  UBINE. 

a.  Uroerthvrin.  In  certain  pathological  conditions  (especially  in 
intermittent  tevers)  the  urine  possesses  an  intensely  red  colour,  and 
deposits  a  dark  red  precipitate.  Proust,  who  was  the  first  that 
carefully  examined  this  class  of  sediments,  discovered  in  them  a  pe- 
culiar acid,  to  which  he  gave  the  name  of  rosacic  acid.  He  subse- 
quently found  that  this  acid  was  merely  a  compound  of  uric  acid 
with  a  red  colouring  matter.  This  red  colouring  matter  has  been 
observed  by  Landered  in  the  sweat  from  the  axillary  region  of  a 
girt  with  fever. 

In  order  to  isolate  this  pigment,  we  must  boil  a  sediment  of  this 
nature  in  spirit,  which  will  take  up  the  colouring  matter  and  a  little 
uric  acid.  This  uric  acid  must  be  removed  by  concentration  and 
cooling,  and  then  by  evaporation  to  dryness,  we  obtain  uroerthyrin. 
It  yields  a  vividly  scarlet  powder,  is  devoid  of  odour,  possesses  but 
little  taste,  and  is  tolerably  soluble  in  water  and  spirit:  these  solu- 
tions are  faintly  acid. 

b.  The  blue  and  black  pigments  that  have  been  described  by  va- 
rious authors  (Braconnot,^  Spangenberg,'  Granier  and  Delens,^ 
Marcet,  Prout,*  &c.)  and  have  received  the  names  of  cyanurin  and 
melanufiny  are  not  of  sufficient  importance  to  require  any  observa- 
tions. 

I  Aim.  de  Chem.  et  de  Phy&  t  zziz^  252. 

'  Sehweigger^i  Joamal,  t  zlvu.  p.  49/. 

alb.txi^p.268. 

*  Medioo-Chmiignd  TraiiMctions  of  Loodon,  v,  xii. 


48  omeAHic  cohstitusnts. 


11.  Bilin. 

Bilin  is  the  name  given  by  Berzelius  to  the  substance  which  he 
considers  as  the  principal  and  most  important  constituent  of  the 
bile. 

The  following  is  the  most  simple  process  for  its  exhibition  :* 

Acidulate^  perfectly  fresh  filtered  ox-gall  with  a  few  drops  of  ace- 
tic acid,  and  precipitate  it  with  neutral  acetate  of  lead.  The  bilifel- 
linic  acid,  which  still  remains  in  solution,  must  then  be  precipitated, 
as  a  plastery  mass,  by  basic  acetate  of  lead,  and  the  filtered  or  de- 
canted liquid,  in  which  there  is  usually  a  little  bilifulvin,  must  be 
decomposed  by  an  excess  of  carbonate  of  soda.  The  precipitate  is 
then  to  be  extracted  with  absolute  alcohol,  and  the  soda  carefully 
precipitated  from  this  solution  by  dilute  sulphuric  acid.  On  eva- 
porating the  alcoholic  solution  to  dryness,  we  obtain  bilin. 

The  composition  of  bilin  is  not  accurately  determined.  It  is  easy 
to  show  that  it  contains  nitrogen,  by  heating  it  with  an  alkali,  in 
which  case  it  develops  ammonia.  Lehmann  always  found  traces  of 
sulphur  in  it 

Bilin  forms  a  gummy,  pale  yellow  mass,  which  when  quickly 
dried  and  pulverized,  yields  a  white  powder,  devoid  of  odour  and 
possessing  a  singular  sweetish-bitter  taste,  most  perceptible  at  the  base 
of  the  tongue  and  on  the  posterior  fauces.  Berzelius  suggests  that 
the  sweetness  may  be  owing  to  the  admixture  of  a  little  glycerin.* 
It  is  freely  soluble  in  water  and  in  alcohol,  but  not  in  ether;  in  fact 
it  may  be  precipitated  by  ether  from  its  alcoholic  solution.  When 
recently  prepared,  it  is  perfectly  neutral.  Heated  to  212%  it  begins 
to  sweU;  at  a  higher  temperature  it  becomes  brown,  develops  a  pe- 
culiar odour,  and  when  inflamed,  burns  with  a  bright  clear  flame, 
leaving  a  porous  ash. 

An  aqueous  solution  of  bilin  is  not  afiected  by  acids,  nor  by  earthy 
or  metallic  salts;  neither  does  chlorine  seem  to  induce  any  peculiar 
change.  A  concentrated  solution  of  potash  separates  an  oleaginous 
tough  mass,  (a  compound  of  bilin  and  potash,)  which  is  soluble  in 
water  and  in  alcohol. 

Bilin  is  remarkable  for  the  facility  with  which  it  undergoes  me- 
tamorphoses. An  aqueous  or  alcoholic  solution  in  vacuo  soon 
assumes  an  acid  reaction.  Its  decomposition  is  accelerated  by 
warmth,  by  the  presence  of  organic  matters,  as  mucus,  &c.,  and  more 
especially  by  the  action  of  the  mineral  acids. 

Metamorphoses  qf  Bilin.  Bilin  and  hydrochloric  acid.  On 
digesting  bilin  with  dilute  hydrochloric  acid,  five  distinct  substances 
are  ultimately  obtained,  three  of  which  are  insoluble  in  water,  and 
have  received  from  Berzelius  the  names  of/ellinic  acid,  cholinic 

*  LduDann,  Ldubnch  der  Fhyaologiichen  Chonie,  tip.  309. 
^  *  As  the  bile  contains  oleate,  margsffsle,  and  fliearate  of  aoda,  there  k  no  difficulty  in  ac- 
oonnting  for  the  praaence  of  glycerin. 
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acid^  and  dyalysin;  the  remaining  two  being  soluble  in  water,  viz. 
taurin  and  hydrochlorate  of  ammonia. — ^The  evaporation  of  an 
aqueous  solution  of  the  above  mixture  leaves  as  a  residue  a  crystal- 
line mass  of  taurin  and  hydrochlorate  of  ammonia;  the  latter  may  be 
removed  by  alcohol  of  *838,  and  the  taurin  may  then  be  recrystallized 
from  a  solution  in  hot  water. 

Taurin  forms  colourless  regular  six-sided  prisms,  terminated 
by  four  or  six-sided  pyramids.  It  is  hard,  craunches  between  the 
teeth,  has  a  cooling  taste,  but  is  neither  bitter  nor  salt,  dissolves  in 
about  sixteen  times  its  weight  of  water  at  60^,  and  is  more  soluble 
at  a  higher  temperature.  It  is  very  slightly  soluble  in  alcohol.  It 
is  dissolved  without  decomposition  in  concentrated  sulphuric  and 
nitric  acids,  and  gives  no  reaction  with  the  ordinary  reagents.  Its 
composition  is  represented  by  the  formula  C^  NH^  0^^.  Hence,  as 
Lowig  remarks,  it  may  be  re^urded  as  a  combination  of  binoxalate 
of  ammonia  and  water,  for  C^  NH^  ^;o  =  2  ^2  OP+NH3+4  HO. 

On  treating  the  resinous  mass,  which  is  insoluble  in  water,  with 
HcohoXydyalyrin  is  left,  and  the  two  acids  are  dissolved.  Dyalysin 
dissolves  with  some  difficulty  in  boiling  alcohol,  and  falls  again  on 
cooling  as  an  earthy  powder.     It  has  not  been  farther  investigated. 

Choiinic  ^nd /ellinic  acids  are  associated  in  the  alcoholic  solution. 
In  many  respects  they  closely  resemble  each  other:  they  are  almost 
insoluble  in  water,  they  dissolve  in  all  proportions  in  alcohol,  and 
they  form  nearly  similar  compounds  with  the  alkalies,  earths,  and 
metallic  oxides.  Their  salts  of  ammonia  and  baryta,  however,  differ 
in  several  respects,  and  by  means  of  these  reagents  we  can  isolate 
the  acids.  If  we  evaporate  a  solution  of  their  ammoniacal  salts, 
cholinate  of  ammonia  separates  as  a  white  soapy  mass,  while  felli- 
nate  of  ammonia  remains  in  solution,  and  appears  after  due  evapo- 
ration as  a  soft  greasy,  yellowish  substance. 

When  an  aqueous  solution  of  cholinate  of  ammonia  is  decomposed 
by  hydrochloric  acid,  choiinic  acid  separates  in  light  white  flocculi, 
which  after  drying  form  a  brown  pulverizable  mass.  It  is  only 
slightly  soluble  in  ether.  The  cholinate  of  baryta  is  almost  inso- 
luble in  alcohol. 

Fellinic  acid  may  be  exhibited  in  a  simitar  manner.  It  separates 
from  its  solution  in  snow-white  flocks,  and  after  dr^nng  forms  a 
white,  earthy,  inodorous  and  bitter  mass,  which  fuses  at  212°  with- 
out decomposition.  In  boiling  water  it  undergoes  fusion,  and  dis- 
solves to  a  small  extent;  in  this  respect  it  differs  from  choIinicTacid, 
which  fuses,  but  is  wholly  insoluble  in  hot  water.  It  is  soluble  in 
ether,  and  its  baryta  salt  dissolves  freely  in  alcohol. 

Fellinic  and  choiinic  acids  possess  the  property  of  combining  and 
forming  acid  compounds  with  undecomposed  bilin,  to  which  Berze^ 
lius  has  given  the  names  of  bilifellinic  and  bilicholinic  adds. 

Bil\feilinic  acid  apparently  exists  as  such  in  fresh  bile:  it  may 
be  obtained  either  from  bile  after  the  removal  of  mucus,  colouring 
matters,  and  other  acids,  by  neutral  acetate  of  lead,  or  from  pure 
bilin. 
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In  either  case  we  add  a  solution  of  basic  acetate  of  lead,  which 
throws  down  a  flocculent  precipitate  which  soon  collects  into  a  soft, 
tenacious,  plastery  mass.  The  salt  of  lead  must  be  decomposed  by 
carbonate  of  soda,  and  the  soda-salt  in  its  turn,  by  sulphuric  acid :  we 
thus  obtain  a  very  soft,  almost  oily,  yellow  mass,, from  which  the 
free  sulphuric  acid  must  be  removed  by  carbonate  of  lead,  and  free 
fellinic  and  cholinic  acids,  by  ether.  We  then  obtain  bilifellinic  acid 
in  the  form  of  a  thick  syjrupy  fluid  soluble  in  every  proportion  of 
water,  and  possessing  a  bitter  taste.  If  this  acid  be  digested  with 
oxide  of  lead,  or  decomposed  by  basic  acetate  of  lead,  a  plastery  bi- 
lifellinate  of  lead  is  again  precipitated,  while  at  the  same  time  pure  bilin 
is  found  in  the  supernatant  fluid.  Hence  it  appears  that  bilin  com* 
bines  with  fellinic  acid  in  more  than  one  proportion.  Bilicholinic 
acid  appears  to  resemble  bilifellinic  acid  in  almost  every  respect 

A  mixture  of  these  two  bilin-containins  acids  constitutes  Demar- 
^ay's  choleic  acidj^  and  forms  the  principal  part  of  Thfenard's  biliary 
resin.     (Berzelius.) 

On  cooling  bilin  in  a  solution  of  caustic  potash  till  ammonia 
ceases  to  be  developed,  we  obtain,  on  evaporation,  a  clotty  matter, 
which,  when  dissolved  in  water  and  treated  with  acetic  acid,  preci- 
pitates a  peculiar  acid,  the  cholic  acid  of  Gmelln.  It  forms  fine 
silky  acicular  crystals,  of  which  the  taste  is  at  once  sharp  and  sweet 
It  is  slightly  soluble  in  cold,  but  more  so  in  hot  water;  it  dissolves 
readily  in  alcohol:  its  solution  reddens  litmus.  Most  of  the  cholates 
are  soluble,  and  possess  a  sweetish  taste.  Dumas  assigns  to  this  acid 
the  formula*  C^,  H^  0^^^. 

There  is  no  subject  in  the  whole  domain  of  animal  chemistry  that 
is  more  perplexing  and  intricate  than  the  bile  and  its  constituents. 
In  the  preceding  pages,  we  have  adopted  the  views  of  Berzelius,  but 
upon  this  point,  (cholic  acid)  he  is  very  undecided.  In  the  edition 
of  his  ^^  Animal  Chemistry,''  published  in  1840,  he  states  that  he 
conceives  it  probable  that  cholic  acid  is  produced  by  bilin  alone,  and 
that  any  fellinic  or  cholinic  acids  that  may  be  simultaneously  pre- 
sent, take  no  part  in  the  metamorphosis.  In  his  article  ^Bihj^  in 
Wagner's  *Handwbrterbuch,'  published  two  years  later,  he  stated 
that  bilin  in  a  state  of  purity  undergoes  only  a  very  slight  change  by 
boiling  with  hydrated  potash,  and  that  he  could  not  convert  it  into 
cholic  acid  in  that  manner.  Cholic  acid  certainly  does  not  pre- 
exist in  the  bile. 

Diagnosis  of  Bilin.  Bilin  may  be  detected  by  its  peculiar  taste. 
It  is  distinguished  from  the  previous  substances  by  its  solubility  in 
water  and  absolute  alcohol,  and  by  its  insolubility  in  ether.  Although 
absolutely  pure  bilin  is  said  by  Berzelius  to  be  unaffected  by  metalUc 
salts,  basic  acetate  of  lead  and  perchloride  of  iron  throw  down  white 
precipitates  from  an  aqueous  solution;  the  latter,  on  the  application 
of  warmth,  assumes  a  cinnamon  tint:  these  reactions  are  probably 
owing  to  the  presence  of  bilifellinic  acid. 

^This  substance  is  desciibeJ  in  the  chapter  on  the  Bile.        *  See  Appendix  I,  Note  17. 
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12.   Urea, 


Urea  forms  the  principal  constituent  of  the  solid  residue  of  nor- 
mal human  urine.  It  is  found  in  considerable  quantity  in  the  blood 
after  extirpation  of  the  kidneys,  also  in  certain  pathological  condi- 
tions in  which  the  renal  functions  are  not  properly  dischaj-ged,  as  in 
diabetes,  cholera,  ischuria,  and  Bright's  disease.  That  it  does  exist 
in  healthy  blood  as  a  constant,  although  very  minute  constituent, 
has  also  been  recently  proved  by  Marchand  and  Simon.  Rees  has 
detected  it  in  the  liquor  amnii  and  in  milk;  Kiihn  and  Lehmann  in 
bile  and  biliary  concretions;  Golding  Bird  in  sweat;  Wright  in  sa- 
liva, M aclagan  in  the  serous  effusion  into  the  ventricles  in  certain 
forms  of  fever;  and  various  chemists  in  dropsical  fluids,  &c. 

Urea  may  be  obtained  from  urine  in  a  state  of  purity  by  any  of 
the  following  methods. 

a.  The  urine  must  be  evaporated  to  the  consistence  of  a  syrup, 
and  mixed  when  quite  cold,  with  an  equal  volume  of  pure  nitric  acid 
of  specific  gravity  1*42.  If  the  evaporation  has  been  carried  suffi- 
ciently far,  the  whole  will  form  a  thick  crystalline  mass,  consisting 
of  a  compound  of  nitric  acid  and  urea,  which  is  sparingly  soluble  in 
nitric  acid.  All  increase  of  temperature  must  be  carefully  avoided  lest 
the  nitricacid  with  the  aid  of  heat,  acting  on  the  chlorides  in  the  urine, 
should  develop  chlorine  and  nitrous  acid,  both  of  which,  as  we  shall 
presently  show,  act  powerfully  in  destroying  urea.  The  impure 
crystals  of  nitrate  of  urea  are  to  be  carefully  washed  in  dilute  nitric 
acid,  strongly  pressed  between  folds  of  blotting  paper,  dried  on  a 
porous  tile,  redissolved  in  warm  water,  and  neutralized  with  carbo- 
nate of  lead.  The  residue,  after  evaporation,  must  be  treated  with 
alcohol.  In  this  manner  we  obtain  an  alcoholic  solution  of  urea, 
from  which  sulphuretted  hydrogen,  and  animal  charcoal,  will  suf- 
fice to  remove  any  traces  of  lead  and  colouring  matter:  after  due 
evaporation  it  will  yield  crystals  of  nearly  pure  urea. 

b.  O.  Henry  mixes  the  urine  with  basic  acetate  of  lead,  and  then 
adds  sufficient  sulphuric  acid,  to  convert  all  the  acetates  into  sulphates. 
After  filtration  through  animal  charcoal  the  fluid  will  yield,  on  eva- 
poration, crystals  of  nearly  pure  urea. 

r.  Berzelius  recommends  that  the  alcohol-extract  of  urine  should 
be  dissolved  in  water,  treated  with  animal  charcoal,  filtered,  and 
warmed  to  about  120^,  and  that  then  as  much  oxalic  acid  should  be 
added  as  the  warm  fluid  will  dissolve.  Crystals  form  of  sparingly 
soluble  oxalate  of  urea,  which  must  be  dissolved,  filtered  through 
animal  charcoal,  recrystallized,  and  decomposed  by  carbonate  of 
lime. 

Urea  may  also  be  obtained  artificially  by  the  decomposition  of 
certain  cyanates.  The  following  is  the  best  method  for  obtaining  it 
in  this  manner  on  a  large  scale.  Twenty-eight  parts  of  ferrocyanide 
of  potassium,  and  14  of  peroxide  of  manganese,  are  to  be  thoroughly 
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mixed,  and  heated  on  an  iron  plate  to  a  dull  red  heat  The  mixture 
smoulders  into  a  brown  mass  which  contains  cyanate  of  potash,  car- 
bonate of  potash,  and  sesquioxide  of  manganese.  When  cold  it  is  to 
be  repeatedly  digested  in  cold  water,  and  the  solution  mixed  with 
20*5  parts  of  crystallized  sulphate  of  ammonia  dissolved  in  water. 
Sulphate  of  potash  and  cyanate  of  ammonia  are  formed ;  and  this  lat- 
ter substance,  on  the  application  of  a  slight  heat,  is  converted  into 
urea.  Sulphate  of  potash  usually  separates  at  once,  in  crystals;  but, 
without  stopping  to  remove  them,  we  may  evaporate  the  fluid  on  the 
water-bath  to  dryness,  and  remove  the  urea  by  a  small  quantity  of 
water.  On  evaporating  this  aqueous  solution  to  dryness,  the  urea  may 
be  extracted  with  boiling  alcohol  of  80  or  90^,  whilst  the  sulphate 
of  potash  remains  undissolved.  The  alcohol  is  allowed  to  eva- 
porate, and  the  urea  separates  from  it  in  crystals.  In  this  manner 
a  pound  of  ferrocyanide  of  potassium  will  furnish  one  third  of  a 
pound  of  pure  urea. 

The  composition  of  urea  is  represented  by  the  formula*  C^  H^  N^ 
O  .  It  contains  a  larger  proportion  of  nitrogen  (46*728^)  than  any 
other  organic  compound. 

Urea,  when  pure  and  in  crystals,  is  white  and  transparent:  when 
deposited  from  a  concentrated  hot  solution,  it  is  in  the  form  of  fine 
silky  needles;  but  by  very^low  or  spontaneous  evaporation  it  sepa* 
rates  in  colourless  flattened  four-sided  prisms  of  specific  gravity  1*35. 
It  is  soluble  in  its  own  weight  of  cold,  and  in  every  proportion  of 
hot  water;  in  4*5  parts  of  cold,  and  in  2  parts  of  boiling  alcohol;  it 
is  slightlv  soluble  in  ether,  about  1  part  in  60,  at  a  temperature 
of  62° 

It  deliquesces  in  a  very  moist  atmosphere  only,  and  even  then  its 
chemical  properties  remain  unchanged.  In  dry  air  it  is  perfectly 
permanent  It  fuses  at  250°  into  a  colourless  liquid,  and  is  decom- 
posed by  a  higher  temperature  into  ammonia,  cyanate  of  ammonia, 
and  dry  solid  cyanuric  acid.  A  concentrated  watery  solution  may  be 
boiled  and  preserved  for  a  long  time  without  any  change,  but  if  al- 
bumen, glutin,  mucus,  or  especially  ferment,  should  be  present,  it  is 
speedily  converted  into  carbonate  of  ammonia.  The  possibility  of 
this  transformation  is  obvious  from  the  formula 

C,  H,  N,  0,  (urea)  +2  HO  =  2  (CO^,  NH  .) 

With  most  concentrated  acids  it  gives  crystalline  salts,  especially 
with  nitric  and  oxalic  acids.  It  is  not  precipitated  from  its  aqueous 
solution  by  metallic  salts,  ferrocyanide  of  potassium,  or  tannic  acid. 
With  h3rponitrous  acid  it  is  instantly  decomposed  into  nitrogen  and 
carbonic  acid  gases,  which  are  evolved  in  equal  volumes;  with  chlo- 
rine it  forms  hydrochloric  acid,  nitrogen,  and  carbonic  acid.  These 
decompositions  are  rendered  obvious  by  the  formulae 

C,H,  N,0,4-2NO.  =4N4-  2CO.+  4HO 

C,  H,  N ,  O,  4-  2  HO  4-  6  CI  =  2  N  4-  2  CO,  -(-  6  H  CI. 

*  See  Appendix  I,  Note  18. 
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Compounds  of  urea.  Nitrate  of  urea  is  obtained  by  the  direct 
addition  of  nitric  acid  in  excess,  to  a  concentrated  solution  of  urea. 
Its  formula  is  C  H^  N^  0  +  NO  +  HO.  It  most  commonly  crystal- 
lizes in  large  colourless  leaves,  but  sometimes  in  small  solid  prisms. 
It  dissolves  in  eight  parts  of  cold,  but  more  freely  in  hot  water.  It 
is  sparingly  soluble  in  nitric  acid,  with  which  it  may  be  boiled  with- 
out decomposition.  This  salt  effloresces  with  great  rapidity.*  100 
parts  of  nitrate  of  urea  correspond  to  48*945  of  urea.  (Regnault  and 
Percy.) 

Oxalate  of  urea  is  obtained  by  the  mixture  of  concentrated  hot 
solutions  of  urea  and  oxalic  acid.     Its  formula  is  C„  H,  N^  0„  4-  C„ 

8        4         S       8    I        8 

O3+HO.     It  crystallizes  in  long  slender  plates  or  prisms,  as  the 
fluid  cools,  since  it  is  much  less  soluble  in  cold  than  in  hot  water. 

At  a  temperature  of  61®  water  dissolves  only  4*37 J,  and  alcohol 
1*6},  of  the  oxalate  of  urea.  Oxalic  acid  displaces  nitric  acid  from  its 
combination  with  urea.  1 00  parts  of  oxalate  of  urea  correspond  to 
62*564  of  urea.  (Berzelius.) 

Sulphate  of  urea  may  be  obtained  by  the  double  decomposition  of 
oxalate  of  urea  and  sulphate  of  lime. 

Hydroehlorate  of  urea  has  been  formed  by  the  direct  combina- 
tion of  dry  urea  with  hydrochloric  acid  gas.  It  is  a  very  unstable 
compound,  and  when  exposed  to  the  air  dissolves  into  a  very  acid 
liquid,  from  which  hydrochloric  acid  is  disengaged. 

Lactate^  hippuratej  and  urate  of  urea  have  been  described  by 
Cap  and  Henry ;  who  in  fact  assert  that  in  human  urine  the  urea 
exists  as  a  lactate.  Pelouze  has,  however,  disproved  the  existence  of 
all  these  compounds. 

Prout  has  examined  certain  compounds  of  silver  and  lead,  in 
which  the  urea  seems  to  combine  with  the  oxides  of  those  metals  as 
bases.     They  are  of  no  importance  in  a  practical  point  of  view. 

The  presence  of  urea  modifies  the  solubility  and  crystalline  form 
of  certain  salts;  it  causes  common  salt  to  crystallize  in  octohedra,  in- 
stead of  in  cubes;  but  it  has  been  observed  that  if  these  octohedra 
are  dissolved  in  pure  water  they  crystallize  in  cubes.  This  pecu- 
liarity affords  a  common  microscopic  test  for  the  presence  of  urea. 

Diagnosis  of  urea.  Urea  is  distinguished  by  its  solubility  in 
water  and  in  alcohol,  and  by  its  behaviour  with  nitric  and  oxalic 
acids. 

*  Nhnite  of  urea,  when  heated  to  about  Zi^^,  decomposes,  and  disengages  a  considerable 
ooandty  of  carbonic  acid  and  nitrous  oxide,  in  the  exact  proportion  of  two  volumes  of  the 
ont  to  one  of  the  latter;  the  residue  consists  of  free  urea  and  of  nitrate  of  ammonia.  Nitrate 
of  ammonia  and  urea  crystallize  suocessiTely  out  of  an  aqueous  solution  of  the  residue.  These 
changes  are  ibown  by  the  formula. 
4  (C,  H^  N,  Oy  NO,.  HO)  =  4  CO  +2  N04.2  (C,  H,  N.  O.)  +  3  (NH.,  NO  ,  HO.) 

Toe  mtnte  of  ammonia  subsequently  changes  into  water  and  mtrous  oxide,  and  me  urea 
nrtocBibonic  acid  and  ammonia. 

During  the  decomposition  of  the  nitrate  of  urea  a  new  add  is  formed  in  extremely  minute 
quantities.  It  aystallizes  in  grayish  white  brilliant  lamells,  reddens  litmus  paper,  and  is 
very  ^i^lttiy  solubfe  in  water,  which  dlows  of  its  being  separated  from  urea  wia  nitrate  of 
anunomx    Fdoine  has  assigiied  it  die  farmula  C,  H,  N,  O^. 

5« 
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13.   Uric  acid. 


Uric  acid  is  a  constituent  of  the  urinary  secretion  in  apparently  all 
classes  of  animals;  it  is  found  in  man  and  the  carnivora,  in  gramini- 
vora  (Fownes,)*  in  birds,  amphibia,  serpents,  insects,  and  mollusca. 
It  is  the  most  common  ingredient  (in  combination  with  a  base)  of 
urinary  calculi  and  gouty  concretions;  it  has  been  detected  in  the 
saliva  (Wright,)  in  sweat  (Wolf,)*  and  on  the  surface  of  ulcers  in 
arthritic  persons  (Sch5nlein.) 

Uric  acid  may  be  obtained  in  a  state  of  purity,  by  the  following 
process,  from  the  excrement  of  the  boa  constrictor,"  which  contains 
a  very  large  proportion  of  uric  acid  and  urate  of  ammonia.  To  pow- 
dered boa  constrictor's  excrement  add  an  equivalent  proportion^  or 
slight  excess,  of  caustic  potash.  (We  assume  that  the  excrement  is 
entirely  urate  of  ammonia  in  this  calculation.)  Boil  in  water  in 
the  proportion  of  lib.  of  excrement  to  2  quarts  of  water  till  the 
mass  is  reduced  to  diffused  gelatinous  floccules,  which  speedily  set- 
tle, leaving  a  dark-brown  supernatant  fluid.  Rerpove  this  fluid  by 
decantation  or  filtration,  and  wash  the  urate  of  potash,  which  is  col- 
lected, with  cold  water.  It  must  then  be  heated  in  water,  and  more 
caustic  potash  must  be  added,  till  the  solution  becomes  clear.  While 
still  hot  it  must  be  poured  into  dilute  hydrochloric  acid,  and  allowed 
to  stand.  In  this  manner  pure  crystals  of  uric  acid  will  be  obtained.* 
The  slight  excess  of  caustic  potash  used  in  the  first  instance  seems 
to  keep  the  colouring  matter  in  solution. 

Uric  acid  is  represented  by  the  empirical  formula*  C   H   N^  0^,  or 

^  H^  N^  0^,  or  C^^  H^  N^  0^;  it  is  highly  probable  tnat  it  contains 
one  atom  of  water  in  this  state,  and  may  be  considered  as  a  hydrate, 
C    N,H,0,  +  HO. 

Uric  acid  crystallizes  in  fine  scales  of  a  brilliant  white  colour  and 
silky  lustre,  is  tasteless,  inodorous,  heavier  than  water,  almost  inso- 
luble in  cold,  and  very  slightly  soluble  in  boiling  water.*  It  is  inso- 
luble in  alcohol  and  ether.  It  dissolves  in  dilute  nitric  acid,  with 
the  evolution  of  equal  volumes  of  carbonic  acid  and  nitrogen :  on 
evaporating  the  solution  a  pink  tint  is  produced,  which,  on  the  ad- 
dition of  ammonia  in  excess,  changes  to  a  purple-red  colour.     This 

1  London  and  Edinbui)^  FhiL  Mag.  xxL  p.  139. 

*  Diaaertatio  aiaL  caaum  CalculoaitatiB;  Tubing.  1817. 

s  The  ezoementa  of  the  boa  constrictor  have  been  found  by  Frout  to  yield  nxne  than  90$ 
of  uric  add.  (Annals  of  Philosophy,  t  v.  p.  41 3.)  The  excrements  of  the  rattlesnake  have 
been  examined  by  Simon.  He  found  in  100  parts  of  the  dried  residue— fiee  uric  mad,  with 
a  little  &t  and  extractive  matters,  56-4 ;  urate  of  ammonia,  31.1 ;  urate  of  soda,  with  some 
chloride  of  sodium,  9-8;  urate  of  lime,  M;  phosphate  of  Ihne,  1.3.  Althou^  we  have 
retained  the  term  ^'excrements"  in  aocxxdanoe  with  popular  usage,  the  subrtance  is  in  reality 
the  urine  of  the  Krpent 

*  The  various  forms  under  whidi  uric  add  oystallizes  are  noticed  under  the  head  of  Uri- 
nary gedimenU, 

>  See  Appendix  I,  Note  19. 

B  According  to  Liebig,  uric  add  requires  15,000  parts  of  cold,  and  1,932  parts  of  boiling 
water,  for  its  perfect  solution.  It  diasoNes  in  all  alkaline  fluids,  in  solution  of  jphoi^ihate  of 
N>da  and  of  borax,  but  not  in  idotkini  of  the  bkaibonates  of  potMh  or  of  ammonia. 


c.. 
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is  a  characteristic  test  of  the  presence  of  uric  acid.  Boiled  with 
peroxide  of  lead  in  water  it  is  decomposed  into  oxalic  acid  and  al- 
hntoin,  and  urea  is  separated. 

Several  of  the  compounds  of  uric  acid,  with  the  alkalies  and  alka- 
line earths,  are  of  practical  importance. 

Urate  of  potash  \^  a  frequent  constituent  of  urinary  calculi:  it 
may  be  obtained  by  boiling  urate  of  ammonia  with  potash.  On 
cooling  the  urate  of  potash  yields  a  mass  of  very  minute  acicular 
crystals,  or  else  separates  in  granules  or  scales.  It  dissolves  in  140 
parts  of  cold,  and  in  85  parts  of  boiling  water. 

Urate  of  soda  may  be  obtained  in  a  similar  manner,  or  by  boil- 
ing uric  acid  in  a  solution  of  borax.  It  is  far  less  soluble  than  the 
former  salt;  one  part  of  it  requiring  for  its  solution  372  parts  of  cold, 
and  124  parts  of  boiling  water.  In  other  respects  it  closely  resem- 
bles it  It  occasionally  constitutes  a  very  peculiar  stellar  form  of 
deposit  in  the  urine.  Liebig  has  shown  that  uric  acid  dissolves  with 
great  facility  in  a  solution  of  common  phosphate  of  soda,  that  the 
nuid  from  being  alkaline  becomes  acid,  and  that  there  are  formed  a 
urate  of  soda,  and  an  acid  phosphate  of  soda.  It  is  in  this  condition 
that  he  supposes  uric  acid  to  exist  in  the  urine. 

Urate  ofammonia^  in  a  state  of  purity,  invariably  crystallizes  in 
needles,  but  if  a  little  chloride  of  sodium  be  added  to  its  solution,  we 
no  longer  obtain,  on  evaporation,  a  crystalline  acicular  deposit,  but 
the  peculiar  amorphous  form  in  which  urate  of  ammonia  occurs  in 
urine.  On  the  addition  of  chloride  of  sodium  to  water,  in  the  pro- 
portion of  2*59  to  1000,  the  solubility  of  urate  of  ammonia  is  in- 
creased in  the  proportion  of  1000  to  450,  or  is  more  than  doubled. 
(Dr.  Bence  Jones,  in  Trans,  of  the  Medico-chirurgical  Society. 
1844.) 

According  to  Liebig,  this  salt  requires  for  its  solution  1727  parts  of 
cold,  and  243  parts  of  boiling  water. 

Urate  of  Magnesia  may  be  obtained  by  the  addition  of  sulphate 
of  magnesia  to  a  boiling  saturated  solution  of  urate  of  potash.  On 
cooling,  and  after  the  fluid  has  been  allowed  to  stand  for  some  time, 
urate  of  magnesia  is  deposited  in  fine  needles  of  a  silky  lustre,  and 
arrayed  in  stellar  groups.  At  212°  these  crystals  lose  5  atoms  of 
water.  Urate  of  magnesia  dissolves  in  3593  parts  of  cold,  and  263 
parts  of  boiling  water. 

Urate  of  lime  forms  white  glittering  needles  or  leaves,  which 
dissolve  pretty  readily  in  hot  water,  but  are  thrown  down  again  on 
cooling. 

Diagnosis  of  uric  add.  Uric  acid  is  distinguished  by  the 
form  of  its  crystals  under  the  microscope,  by  its  insolubility  in 
water  and  in  alcohol,  and  by  its  behaviour  towards  nitric  acid  and 
ammonia. 

-    The  Metamorphoses  of  Uric  Jicid.     Mlantoin.     One  part  of 
uric  acid  is  boiled  in  20  parts  of  water,  and  freshly  prepared  pe- 


1  At  Uric  arid     -    -    C,,  H,  N,  O, 

2  At  Peroxide  of  lead  -    -    -    -    O,    Fb. 
7  At  Water    -    -    -    H,    -    -    O, 
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roxide  of  lead  is  gradually  added  to  the  boiling  liquid,  as  long  as  its 
colour  is  observed  to  change.  The  hot  liquid  is  then  filtered  and 
evaporated  till  crystals  begin  to  form  on  its  surface;  on  cooling  they 
form  in  considerable  quantity,  and  constitute  allantoin  or  allantoic 
acidy  while  urea  remains  in  the  mother  liquid,  and  oxalate  of  lead 

on  the  filter. 

The  following  symbolical  representation  may  elucidate  this  de- 
composition. 

1  At  Alkntom    -    -    C,  H.  N,  O. 

1  At  Una      -    -    -    C,  H,  N,  O, 

2  At  Hydnted  oxable 
oflead»  -    -    -    -    C,JH, 0„JPb. 

It  is  on  this  reaction  that  Liebig  founds  his  theory  of  uric  acid. 
He  considers  it  to  contain  ready-formed  urea  and  a  hypothetical 
substance,  for  which  he  proposes  the  term  Uril  Ul,  or  cyan-oxalic 
acid.* 
For  1  At  Uric  acid  (C.,  H.  N,  0.)-l  At  Urea  (C.H,  N.OJ  .2  (C,  NO  J  «  2  UL 

Hence  the  rational  formula  for  uric  acid  appears  to  be — 
I  At  Uric  add  (C..  H,  N,  O.)  =  2  Ul  -f  1  At  Urea  (C,  H.  N,  O,.) 

In  the  production  of  allantoin  from  uric  acid,  the  urea  is  supposed 
to  be  set  free,  whilst  the  uril  combines  with  oxygen  and  water  in 
order  to  form  oxalic  acid  and  allantoin.  The  change  may  be  illustrated 
in  the  following  manner:  2iJi  =  C,  N   0   «=  C^  0^  -f  C^  N^. 

By  the  addition  of  2  at  oxygen  to  the  former  term,  C^  0^,  we  ob- 
tain 2C  0,,  (oxalic  acid,)  and  by  the  addition  of  3  at  water  to  the 
latter,  C^  N^,  we  obtain  C^  H3  N,  O3  (allantoin.) 

This  substance  allantoin^  or  as  it  is  frequently  termed  allantoic 
acidy  occurs  ready  formed  in  the  allantoic  fluid  of  the  calf,  from 
which  it  crystallizes  spontaneously  on  cooling,  when  the  fluid  has 
been  evaporated  to  one  fourth  of  its  volume.  It  then  requires  to  be 
purified  by  recrystallization. 

The  crystals  are  colourless  and  transparent,  tasteless  and  inod^ 
rous,  and  exert  no  action  on  vegetable  colours.  They  are  usually 
prisms  of  the  right  rhomboid  system,  have  a  glassy  lustre,  and  at 
68°  are  soluble  in  160  times  their  weight  of  cold,  but  in  a  much  less 
quantity  of  hot  water;  they  dissolve  in  hot  alcohol,  but  recrystallize 
as  it  cools.  At  a  high  temperature  allantoin  is  converted  by  the 
caustic  alkalies,  and  also  by  most  concentrated  acids  (with  the  ex- 
ception of  nitric  acid)  into  ammonia  and  oxalic  acid.  This  change 
may  be  illustrated  by  the  formula. 

'  "  2  At  Oxalic  add       -    -    -    C.  O, 

2  At  Ammonia      ....        H,  N, 


1  At  Allantoin      -    -    -    -    C.  H.  N.  O 


s 


•3  At  Water H.       O 


C,  H.  N.  O. 


C.  H.  N.  O, 


1  2  At  Hydiatod  oxalate  of  lead  =  2  (Pb  O,  C,  O.,  2  HO) 

=  C,  H,  O,.  Pb 

•  This  name  is  suggested  by  its  constitution;  for  1  at  Uril  =  C,  NO,  s=  C^  O,,  Cy,  a 
formula  that  represento  oxalic  acid  in  which  an  equivalent  of  oxygen  is  rqilaoed  by  one  of 
<7aiiQiBii. 
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If  we  compare  the  composition  of  allantoin  with  that  of  uric  acid 
and  urea,  we  find  that  these  substances  bear  a  highly  interesting  re- 
lation to  each  other;  if  we  add  to  one  atom  of  uric  acid,  one  atom  of 
urea  and  one  atom  of  water,  we  obtain  a  formula  exactly  correspond- 
ing with  that  of  allantoin. 

1  At  Uric  acid  -  -  C,,H,  N,0, 
1  At.  Urea  -  .  -  a  H,  N,  O, 
1  At  Water   .        .        -  H  O 


t.  e.  =s  3  At  Allantom. 

"According  to  this,"  as  Liebig  observes,  "it  is  evident  that  the 
product  of  the  secretion  of  the  non-respiring  foetus  of  the  cow  is,  in 
a  certain  sense,  identical  with  the  products  secreted  by  the  kidneys 
of  the  breathing  animals.  Urea  represents  carbonate  of  ammonia 
from  which  the  elements  of  two  atoms  of  water  have  separated;  al- 
lantoin represents  oxalate  of  ammonia,  from  which  the  elements  of 
three  atoms  of  water  have  separated." 

We  now  proceed  to  the  consideration  of  a  few  of  the  most  impor- 
tant products  of  nitric  acid  with  uric  acid. 

jllloxan.  One  part  of  dry  uric  acid  is  gradually  added  to  four 
parts  of  nitric  acid  of  spec.  grav.  1*42 — 1*5,  by  which  it  is  dissolved 
with  efiervescence,  and  the  production  of  heat  The  whole  liquid 
is  soon  converted  into  a  solid  crystalline  mass  of  alloxan.  Its  for- 
mula is  C,  H^  Nj  Oj^.  It  is  very  soluble  in  water,  reddens  vege- 
table colours,  and  causes  a  purple  stain  on  the  skin.  Its  formation 
may  be  explained  in  the  following  manner.  We  have  already 
shown  (see  Urea,)  that  urea  is  converted  by  hyponitrous  acid  into 
water,  carbonic  acid,  and  nitrogen.  Hence  we  suppose  that  the  2 
atoms  of  uril  (bearing  in  mind  that  uric  acids  20].+  1  at  urea,) 
take  up  the  2  at  of  oxygen,  which  the  nitric  acid  has  given  off 
in  the  formation  of  hyponitrous  acid,  and  4  at  of  water,  we  obtain 
the  formula  of  alloxan,  for 

2  m  (=C  N,  0^)  +  4  HO+2  0  =.  C,  H,  N,  0,.. 

Parabanic  acid  is  obtained  by  treating  one  part  of  uric  acid,  or 
one  part  of  alloxan  in  eight  parts  of  nitric  acid,  evaporating 'to  the 
consistence  of  a  syrup,  and  allowing  it  to  stand  for  some  time,  when 
it  yields  colourless  crystals  which  may  be  purified  by  recrystalliza- 
tion.     Its  formula  is  C^  N,  0^+2  HO. 

It  is  formed  by  the  action  of  hyponitrous  acid  on  the  urea  of  the 
uric  acid;  the  2  at.  of  uril  take  up  4  at  of  oxygen,  and  2  at  of  water, 
and  yield  2  at  of  carbonic  acid,  and  1  at  of  hydrated  parabanic 
acid:  thus 

2Ui+2H0  +  40  =  2C0,+  (C^N,0^+2H0.) 
Or  it  may  be  regarded  as  produced  by  the  action  of  oxygen  on  al- 
loxan, for 

C  H   N,0,^  +  2  0==2C0, +  2H0  +  (C^  N,  0,  +  2  HO.) 

Uxfilurtc  add  is  obtained  by  boiling  parabanic  acid  in  a  solution 
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of  ammonia.  If  the  mixture  be  evaporated  and  allowed  to  cool, 
crystals  of  oxalurate  of  ammonia  will  separate  themselves.  On  the 
addition  of  an  acid  to  a  concentrated  solution  of  this  salt,  oxalu- 
ric  acid  is  separated  as  a  crystalline  powder.  Its  formula  is  C^  H^ 
Nj  0  -f  HO.  It  is  formed  by  the  addition  of  2  at.  of  water  to  the 
constituents  of  parabanic  acid:  it  contains  further  the  elements  of 
2  at  of  oxalic  acid,  and  I  at.  of  urea,  and  by  boiling  in  water  is  com- 
pletely decomposed  iato  free  oxalic  acid,  and  oxalate  of  urea. 

Liebig  observes  that  <^  when  uric  acid  is  subjected  to  the  action  of 
oxygen,  it  is  first  resolved  into  alloxan  and  urea;  a  new  supply  of 
oxygen  acting  on  the  alloxan  causes  it  to  i^esolve  itself  either  into 
oxalic  acid  and  urea,  or  into  oxaluric  and  parabanic  acids,  or  into 
carbonic  acid  and  urea,"  (Animal  Chemistry,  p.  137.)  The  reac- 
tions which  we  have  already  given  are  sufficient  to  explain  this 
statement     We  have  shown  that — 

Uric  add  =  2  01  +  ^irea  and  alloxan  =  2lJl  +  O,  +  4  Ho; 
consequently, 

(Jric  add  4.  O,  -f.  4  HO  as  alloxan  -f-  urea. 
Moreover, 

Alloxan  ss  urea    "ir  C,  O,  (see  their  respective  fonnula); 

therefore. 

Alloxan    i-   O   eb  uraa    .f.  C,  O,   sss  urea  -|-  3  at  oxalic  add, 

and 

ADoxan    +   O^  as  urea    4-  C.  O,.  ^  urea  -f  6  at.  carbonic  add. 
Also,  -!-•«• 

ADoxan    .f.    O,  a  parabanic  add  -h  2  HO  4.  9  CO. 

SB  oxaluric  add     4.  2  at  carbonic  ac». 
Hence, 

Uric  add4-4HO-t-0,  B=2at  urea  +  3  at  oxalic  add. 
Uric  add  +  2  HO  +  0«  ■■  2  at  urea  -f  parabanic  add  4-  2  at  carbonic  add. 
Uric  add  4-  4  HO  4.  O^  «=  2  at  urea  4-  oxaluric  add    •{•2  9L  carbonic  add. 
Uric  add4.4H0  4-0,  s2at  urea  4-  6  at  caibonic  add. 

These  formulae  express  laws  of  much  importance  in  urinary 
pathology;  they  show  us  that  if  an  abundant  supply  of  oxygen  be 
given  to  the  uric  acid,  carbonic  acid  and  urea  may  be  obtained;  if  a 
smaller  quantity,  oxaJic  acid  and  urea;  and  if  none  be  given,  the 
acid  remains  unchanged. 

Murexid  (Purpurate  of  ammonia,)  The  best  method  of  exhi- 
biting this  substance  is  to  evaporate  a  solution  of  uric  acid  in  dilute 
nitric  acid,  until  it  acquires  a  flesh-red  colour:  after  it  has  cooled  to 
160°  a  dilute  solution  of  ammonia  must  be  added,  till  the  presence 
of  free  ammonia  is  remarked  by  the  odour.  The  solution  is  then  to 
be  diluted  with  half  its  volume  of  boiling  water  and  allowed  to  cool : 
it  crystallizes  in  short  four-sided  prisms,  two  faces  of  which  reflect  a 
green  metallic  lustre.  It  is  insoluble  in  alcohol;  sparingly  soluble  in 
cold,  but  more  readily  in  boilins  water,  on  the  cooling  of  which  it 
crystallizes  unchanged.  It  is  soluble  in  caustic  potash  with  a  beautiful 
indigo  blue  colour,  which  disappears  with  the  evolution  of  ammonia 
on  the  application  of  heat.  The  difierence  between  the  views  of 
Prout  and  Liebig  regarding  this  substance  is,  that  the  latter  considers 
it  a  distinct  principle,  while  the  former  regards  it  as  a  combination 
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of  a  peculiar  acid  (purpuric  with  ammonia.)  Prout's  view  has  been 
strongly  confirmed  by  the  researches  of  Fritzsche,  which  are  pub- 
lished in  the  Transactions  of  the  Academy  of  Sciences  of  St  Peters- 
burgh,  for  1839. 

The  formula  assigned  to  this  substance  by  Liebig  and  W6hler  is 
C    H^  N,  0  .     Fritzsche  gives  it  the  formula  C^^  Hg  N^  0  ,  or  C 

Murtxan  or  purpuric  acid  is  prepared  by  dissolving  murexid  in 
caustic  potash  by  the  aid  of  heat,  which  is  to  be  applied  till  the  blue 
colour  disappears:  dilute  sulphuric  acid  is  then  to  be  added  in  excess. 
It  £aJls  in  crystalline  scales  of  a  silky  lustre;  is  insoluble  in  water 
and  dilute  acids,  but  is  taken  up  by  ammonia  and  the  fixed  alkalies. 

If  a  solution  of  murexan  in  ammonia  be  exposed  to  the  air,  it  ac- 
quires a  purple-red  colour  and  deposits  crystals  of  murexid :  with  an 
excess  of  ammonia  it  again  becomes  colourless,  and  is  then  found  to 
contain  oxalurate  of  ammonia. 

Its  formula,  according  to  Liebig  and  Wohler,  is  C^  H^  N^  O^;  ac- 
cording to  Fritzsche  it  is  C^^  H^  N^  0^^. 

The  substances  which  have  been  described  are  only  a  few  of  the 

Products  of  nitric  acid  on  uric  acid;  they  have  been  selected  as 
aving  a  more  practical  bearing  than  the  others.     The  following 
table  exhibits  the  principal  results  of  Liebig  and  Wohler's  admirable 
paper  on  this  subject 
(a)  On  treating  uric  acid  with  cold  concentrated  nitric  acid,  we 

obtain  alloxan^C^  H   N,  0^^  or  2Ul+0,+  4  HO. 
{b)  On  treating  uric  acid  with  cold  dilute  nitric  acid,  we  obtain 
alloxantin,  C,  H,  N,  0^^  or  2Ul  +0+  5  HO. 

(c)  On  treating  alloxan  with  sulphurous  acid,  we  obtain  thionuric 

acid,  C.  H,  N3  0,,  S,. 

[d)  On  treating  thionuric  acid,  or  thionurate  of  ammonia,  with 

hydrochloric,  or   sulphuric   acid,  we  obtain  uramily  C 

H^  N3  0^  or  2m+NH  -h2  HO. 
(«)  On  treatmg  alloxan  with  sulphuretted  hydrogen,  we  obtain,  first, 

alloxantin,  and  subsequently  dialuric  acidy  C^  H^  N^  Og, 

or  2tJl+4  HO. 
(/)  On  warming  uric  acid  in  eight  parts  of  nitric  acid  we  obtain 

parabanic  acidj  C^  N^  0^+2  HO. 
[g)  On  boiling  parabanic  acid  in  ammonia,  oxalurate  of  ammonia 

is  generated,  from  which  we  can  obtain  oxaluric  acid, 

C.N  H^O,+HO. 
(A)  On  the  adaition  of  an  alkali  to  a  concentrated  solution  of  alloxan 

we  obtain  alloxanic  acid,  C^  H  N,  0^-1-2  HO. 
(t)  By  the  precipitation  of  a  solution  of  alloxan  with  boiling  acetate 

of  lead,  we  obtain  mesoxalic  acid,  C^  0^. 
(J)  By  heating  a  solution  of  alloxan  with  ammonia,  we  obtain  TTiy- 

comelinic  acid,  C^  H  N^  0^. 
(k)  On  heating  uramil  with  dilute  sulphuric  acid,  we  obtain  ura- 

milic  acid,  C^^  H^^  N,  0^,. 
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(/)  On  warming  uric  acid  with  nitric  acid  and  saturating  it  with 
ammonia,  we  obtain  murexidy  C^  H   N^  0^. 

(m)  On  dissolving  murexid  in  caustic  potash  and  adding  dilute 
sulphuric  acid,  we  obtain  murexaUy  C^  H^  N^  0^ 

14.  Hippuric  jJcid. 

Hippuric,  or  urobenzoic  acidj  is  an  ordinary,  although  not  a 
constant,  ingredient  of  the  urine  of  the  graminivora.  It  has  been 
observed  by  Lehmann,  Ambrosiani,  and  Keich,  in  the  urine  of  dia- 
betic patients,  and  Bouchardat  has  found  it  in  the  same  secretion  in 
certain  anomalous  cases  to  which  he  has  applied  the  term  <<  hippurie." 
Liebig  has  recently  asserted  that  it  is  a  constant  ingredient  of  healthy 
human  urine;  and  even  if  this  statement  be  too  general,  there  can  be 
no  doubt  that  it  does  very  frequently  occur  in  minute  quantity  in 
this  secretion. 

Hippuric  acid  is  readily  obtained  by  evaporating  the  urine  of  the 
horse  or  cow  to  about  one  tenth  of  its  volume,  and  adding  sufficient 
hydrochloric  acid  to  give  it  a  decidedly  acid  reaction.  Yellow  or 
brown  crystals  of  hippuric  acid  are  almost  immediately  deposited, 
which  must  be  collected,  dissolved  in  a  hot  solution  of  carbonate  of 
soda,  and  filtered  through  animal  charcoal.  By  the  addition  of  hy- 
drochloric acid  to  this  solution,  (which  must  be  concentrated,  if  re- 
quisite,) we  obtain  tolerably  pure  crystals  of  hippuric  acid. 

This  acid  forms  long  transparent  four-sided  prisms,  acuminated  at 
the  extremities;  it  is  destitute  of  odour,  and  has  a  faintly  bitter,  but 
not  an  acid  taste.  It  dissolves  in  about  400  parts  of  cold  water,  and 
in  a  much  larger  proportion  in  hot  water,  from  which  it  recrystal- 
lizes  on  cooling.  It  is  freely  soluble  in  alcohol,  less  so  in  ether.  A 
cold  aqueous  solution  strongly  reddens  litmus.  At  a  moderate  heat, 
hippuric  acid  melts  (without  yielding  water)  into  a  colourless  oily 
fluid,  which,  on  cooling,  solidifies  into  a  crystalline  milk-white  mass. 
At  a  higher  temperature  the  acid  undergoes  decomposition,  and  yields 
a  crystalline  sublimate  composed  of  benzoic  acid  and  benzoate  of 
ammonia,  while,  at  the  same  time,  some  red  oily  drops  are  produced, 
which  develop  a  peculiar  odour,  resembling  that  of  the  Tonquin  bean. 
Hydrocyanic  acid  is  subsequently  formed,  and  the  previous  odour  is 
replaced  by  a  bitter-almond  smell.  The  action  of  perchloride  of  iron 
on  this  acid  is  worthy  of  notice.  On  the  addition  of  this  reagent  to 
a  solution  of  hippuric  acid,  a  well  marked  yellow  colour  is  produced; 
no  such  change  is  efiected  on  the  addition  of  this  test  to  a  solution  of 
uric  acid.  On  its  addition  to  a  solution  of  hippuratc  of  potash,  a 
copious  orange-coloured  deposit  is  thrown  down,  which,  on  the  ap- 
plication of  heat,  forms  a  red  resinous  mass,  soluble  in  alcohol,  but 
insoluble  in  water;  when  added  to  a  solution  of  urate  of  potash,  a 
precipitate  is  likewise  thrown  down,  which  is  at  first  of  a  brownish 
red  colour,  but  rapidly  becomea  yellow. 

The  composition  of  this  acid  is  represented  by  the  formula^  C^, 

«  See  Appendix  I,  Note  20. 
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H  NO  +Ho.  In  its  physical  characters  it  strongly  resembles  ben- 
zoic acid,  and  there  can  be  no  doubt  that  these  two  acids  have  been 
oilen  confounded:  there  is, moreover, a  close  analogy  between  them. 
They  both  belong  to  the  benzoyl  series,  although  the  exact  place  of 
hippuric  acid  cannot  be  at  present  assigned  to  it  with  certainty. 
Oxidizing  agents  (as  nitric  acid,  or  sulphuric  acid  and  benoxide  of 
manganese)  convert  hippuric  into  benzoic  acid ;  and  a  similar  change 
occurs  in  the  urine  if  it  be  kept  for  any  time.  Conversely,  benzoic 
and  cinnamic  acids  are  converted  in  the  organism  into  hippuric  acid.^ 

Hippuric  acid  forms  soluble  crystallizable  salts  with  the  alkalies 
and  alkaline  earths. 

Diagnosis.  Hippuric  acid  may  be  distinguished  by  its  crystalline 
form,  its  solubility  in  alcohol,  its  behaviour  when  heated,  and  its  re- 
action with  perchloride  of  iron.  Nitric  acid  will  suffice  to  distin* 
guish  it  from  uric  acid. 

15.  Uric  Oxide. 

Uric  oxidcy  xanthic  oxidsy  urous  acid.  This  substance  is  a  very  rare 
ingredient  in  vesical  calculi.     It  was  discovered  by  Marcet,  who 

Eve  it  the  name  xanthic  oxide;  it  has  since  been  met  with  by 
lugier,  Stromeyer,  and  Dulk,  and  it  is  said  to  have  been  recently 
detected  in  guano,  by  Unger. 

Urinary  calculi  which  contain  this  ingredient  are  dissolved  in 
caustic  potash;  the  uric  oxide  is  precipitated  from  the  filtered  solu- 
tion by  a  streain  of  carbonic  acid.  It  forms  a  white  precipitate,, 
which,  when  dried,  constitutes  a  pale  yellow  hard  mass.  It  is  re- 
presented by  the  formula*  C^^  H^  N^  0^.  It  differs  from  uric  acid  in 
containing  two  atoms  less  oxygen,  hence  the  name  of  uric  oxide.  It 
dissolves  in  the  alkalies,  in  small  quantity  in  hot  water,  hydrochloric 
and  oxalic  acids,  it  is  insoluble  in  alcohol  and  ether,  and  produces  no 
effect  on  test  paper.  It  dissolves  also  in  concentrated  sulphuric  acid 
with  a  yellow  colour,  and  no  precipitate  is  caused  by  the  addition  of 
water  to  the  sotution.  It  is  soluble  in  hot  nitric  acid  uithout  effer- 
tescenctj^  and  more  slowly  than  uric  acid.  On  carefully  evaporating 
this  solution,  a  lemon-yellow  residue  is  left,  which  is  not  reddened 
by  the  vapour  of  ammonia,  but  which  is  dissolved  with  a  reddish 
yellow  colour  by  caustic  potash,  and  leaves,  on  evaporation,  a  red  re- 
sidue. Muriate  of  ammonia  throws  down  a  yellow  precipitate  from 
the  potash  solution.  Uric  oxide  differs  from  uric  acid  in  being  in- 
soluble in  a  dilute  solution  of  carbonate  of  potash;  by  this  property 

<  EfdmaiiD  hat  ■ometunes  fi>and  hippuric,  and  at  other  tiroei  benzoic  acid,  in  the  urine  of 
the  aune  hone.  In  all  probability  an  ezceiB  of  nouriiiunent  ftvouTB  the  production  of  thi» 
aod,  tat  the  uxine  of  weU-fed  horses  usually  contains  hippuric  add,  while  only  benzoic  acid 
can  be  disooreiad  in  the  urine  of  honed  employed  for  agncultural  puipoaes:  sometimes,  how- 
ever, the  latter  contains  hippuric  add  on  some  days  and  not  on  othen,  without  any  peroeptible 
CBOse.  For  liobig's  theoiy  of  the  origin  of  hippuric  acid,  see  **  Animal  ChenaiBtiy, '  pp. 
88,140. 

«  See  Appendh  I,  Note  21. 

s  Dulk  states  that,  in  his  case,  the  uric  oxide  did  uligfatly  efiervesoe. 
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these  two  substances  may  be  separated  from  one  another  when  they 
occur  together. 

Dulk  conceives  that  he  has  effected  the  metamorphosis  of  uric 
oxide  into  uric  acid.  The  yellow  nitric-acid  solution  of  uric  oxide 
was  evaporated  on  a  watch-glass  to  a  thick  consistence.  After  a  few 
days,  small,  hard,  and  transparent  crystals  appeared.  A  little  of  the 
portion  which  remained  fluid,  when  heated  on  a  platinum  spatula 
over  the  flame  of  the  spirit-lamp,  assumed  a  blood-red  tint,  and  in  a 
few  days  the  fluid  which  remained  in  the  watch-glass,  exposed  to  the 
atmosphere,  underwent  a  similar  change  of  colour.  He  considers 
the  small  crystals  which  were  formed  to  consist  of  alloxantin;  and, 
,  in  support  of  his  view,  he  alleges  the  following  facts.  Cold  water 
poured  over  them  assumes  a  red  tint,  but  does  not  dissolve  them; 
they  are,  however,  perfectly  soluble  in  boiling  water,  and,  on  the 
addition  of  ammonia  to  a  hot  concentrated  solution,  a  reddish  colour 
manifests  itself,  which  disappears  on  cooling.  On  concentrating  a  por- 
tion of  the  solution  to  a  few  drops,  mixing  it  with  nitric  acid,  and 
then  adding  ammonia,  a  greenish  salt  separated  itself. 

Lehmann  instituted  a  series  of  experiments  with  the  view  of  ob- 
taining uric  oxide  from  uric  acid  by  the  action  of  deoxidizing  agents, 
but  he  failed  in  his  attempt 

16.  Cystin. 

Cystin,  cystic  oxide.  Cjrstin  is  an  occasional  constituent  of  urinary 
calculi,  and  is  sometimes  found  as  a  crystalline  deposit  in  the  urine. 
It  may  be  obtained  by  dissolving  a  portion  of  one  of  these  calculi  in 
caustic  potash,  and  adding  acetic  acid  to  the  boiling  solution.  As 
the  fluid  slowly  cools,  the  cystin  separates  in  six-sided,  colourless, 
transparent  scales.  It  may  also  be  obtained  in  crystals  from  a  solu- 
tion in  caustic  ammonia,  if  left  to  evaporate  slowly.  The  scales  are 
then  thicker,  and  may  be  considered  as  regular  six-sided  prisms. 

Cjrstin  has  an  extraordinary  composition.  It  contains  25*5^  of 
sulphur.     Its  formula*  is  C^  H   N  0^  S,. 

it  has  neither  an  acid  nor  ukaline  reaction;  when  heated  it  does 
not  melt;  takes  fire  with  a  bluish  flame,  and  gives  off  a  very  charac- 
teristic odour;  is  very  slightly  soluble  in  water,  and  quite  insoluble 
in  alcohol;  dissolves  in  dilute  sulphuric,  nitric,  hydrochloric,  phos- 
phoric, and  oxalic  acids,  the  saturated  solutions  yielding,  on  gentle 
evaporation,  salt-like  compounds  of  cystin  and  the  acid;  these  com- 
pounds separate  in  diverging  crystalline  needles,  which  have  an  acid 
taste,  and  are  not  very  durable.  Cystin  dissolves  readily  in  the 
fixed  alkalies,  and  forms,  on  evaporation,  granular  crystals.  It  dis- 
solves in  caustic  ammonia,  but  does  not  combine  with  it  Carbonate 
of  ammonia  is  the  best  reagent  for  throwing  it  down  from  its  acid 
solutions,  as  it  does  not  dissolve  cystin.  It  may  be  removed  from 
an  alkaline  solution  by  acetic,  citric,  or  tartaric  acid,  with  none  of 
which  it  enters  into  combination:  acetic  acid  is  generally  used. 

t  See  Appendix  I.  Note  22. 
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Diagnosis  of  cystm.  Cystin  may  be  recogciized  by  the  peculiar 
crystafiine  form^  (six-sided  plates)  in  which  it  separates  from  its  so* 
lutioDs;  by  its  insolubility  in  water  and  alcohol;  by  its  behaviour 
towards  acids;  and  by  its  peculiar  odour  on  burning.  Its  crystalline 
form  and  its  behaviour  towards  acids  distinguish  it  clearly  from  uric 
acid:  these  tests,  as  well  as  its  solubility  in  hydrochloric  and  oxalic 
acids  distinguish  it  from  uric  Qxide. 


CLASS  II.   NON-HITaOGEHOUS   COHSTITUEKTS. 

1.  Animal  Sugars. 

a.  Sugar  of  milk  is  an  integral  constituent  of  the  milk  of  the 
mammalia,  and  is  a  very  rare  ingredient  of  any  other  fluid.  It  has 
never  been  detected  with  certainty  in  the  blood ;  although  Simon 
was  led  to  believe,  from  the  taste,  and  the  carbonization  with  sul- 
phuric acid,  that  he  had  once  separated  it  from  calves'  blood.  Prout 
once  found  it  in  the  liquor  amnii  of  a  cow,  but  this  is  the  only  in- 
stance in  which  it  has  been  detected  in  that  fluid.  A  more  remark- 
able case  is  recorded  by  Koller,'  who  removed  a  milky-looking  fluid 
from  between  the  tunics  of  the  testicle,  which  contained  sugar  of 
milk. 

Sugar  of  milk  may  be  obtained  by  evaporating  whey  to  the  con- 
sistence of  a  syrup,  and  setting  it  aside  for  some  weeks  in  a  cool 
place.  Granular  crystals  of  sugar  of  milk  will  be  spontaneously  de- 
posited. In  order  to  procure  them  in  a  state  of  purity  they  require 
several  solutions  and  recrystallizations. 

Sugar  of  milk  is  white,  and  crystallizes  in  right  four-sided  prisms, 
usually  terminated  by  four-sided  pyramids,  which  are  semi-transpa- 
rent, and  have  a  spec.  grav.  1  *543.  It  dissolves  in  5  or  6  parts  of  cold 
water,  and  in  2*5  parts  of  boiling  water,  without  forming  a  syrup.  A 
solution  communicates  a  more  decidedly  sweet  taste  to  the  tongue  than 
the  crystals  themselves.  Sugar  of  milk  is  unaltered  by  the  air,  loses 
nothiDg  at  212^,  and  is  insoluble  in  alcohol  and  ether.  At  a  high  tem- 
perature it  fuses,  swells  up,  and  develops  a  sweetish  but  very  pungent 
odour.  It  burns  with  a  palish  blue  flame,  and  leaves,  after  incineration, 
an  ash  consisting  of  the  carbonates,  sulphates,  and  phosphates  of  lime 
and  potash,  amounting  to  about  *1  ^  of  the  sugar.  According  to  Simon, 
the  sugar  of  woman's  milk  does  not  melt  on  being  exposed  to  a  high 
temperature,  but  only  becomes  tough  and  fibrous. 

By  digestion  in  dilute  sulphuric  or  hydrochloric  acid,  or  in  acetic 
or  citric  acid,  sugar  of  milk  becomes  converted  into  sugar  of  grapes. 

1 1  onoe  obKTved  an  amotphous  depoedt  of  urate  of  ammonia  Yield,  on  the  additiop  of 
aeeklc  ackj,  perfecdjp  regular  bexagoni.    This  finrm  ie  abo  depided  by  Rigfay,  in  hia  work  on 


fluid  contained  in  1000  paita:  Butter  16^9— caaein  20-31— aogar  of  milk  31*50— 
cfaloride  of  aodhmi— 2'78— teetBle  of  soda  074-HniljphQt8  of  potadi  l-Sl— aolphate  of  soda 
0^— cariionate  of  Hme  0-38— oaiixmate  of  Tnagneam  0^— pooaphate  of  magDoaia  0-69.-— 
(  WifDei'a  Handworterbuch,  t  i  p.  2&.) 
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By  nitric  acid  it  is  decomposed  into  mucic,^  oxalic^  saccharici  and 
carbotiic  acids. 

On  the  addition  of  casein,  animal  membrane,  diastase,  &c  to  a  so- 
lution of  sugar  of  milk,  lactic  acid  is  formed  and  the  fluid  begins  to 
ferment 

Crystals  of  sugar  of  milk  may  be  represented  by  the  formula  C^ 
H^  O  .  At  a  temperature  of  212®  the  crystals  lose  U.9%y  or  two 
equiysLlents  of  water.  Consequently  the  formula  for  anhydrous  sugar 
of  milk  is  C,^  Hj^  0„. 

/S.  Diabetic  sugar  exists  in  the  blood  and  urine,  and  occasionally 
also  in  the  sweat*  of  persons  suffering  from  diabetes. 

It  may  be  obtained  by  adding  basic  acetate  of  lead  to  the  urine, 
filtering,  precipitating  any  excess  of  lead  by  sulphuretted  hydrogen, 
evaporating,  extracting  the  syrupy  residue  with  alcohol,  and  allowing 
the  alcoholic  solution  to  crystallize.  It  requires  several  crystalliza- 
tions to  obtaiufthe  sugar  in  a  state  of  purity.  Diabetic  sugar  usually 
crystallizes  in  wart-like  knots,  or  plumose  groups,  of  minute,  rhombic, 
transparent  crystals.  It  is  white,  devoid  of  odour;  in  sweetness  and 
in  solubility  in  water^  it  ranks  between  cane  sugar  and  sugar  of  milk. 
It  is  more  soluble  in  dilute  alcohol  than  sugar  of  milk,  but  is  insolu- 
ble in  absolute  alcohol  and  ether. 

Diabetic  sugar  in  a  crystalline  state  is  represented  by  the  formula 
^12  ^14  ^14'  ^^  ^'^  condition  it  contains  two  equivalents,  or  9^  of 
water,  so  tnat  its  correct  formula  is  C^^  H^^  0^^  +2  HO.  It  is  identi- 
cal in  its  chemical  composition  with  sugar  of  grapes. 

Diabetic  susar  forms  a  beautiful  crystallizable  compound  with 
chloride  of  sodium.  On  saturating  diabetic  urine  with  common  salt, 
and  leaving  it  to  spontaneous  evaporation,  crystals  three  fourths  of 
an  inch  in  diameter  may  be  obtained.  They  are  not  very  regular  in 
their  form,  but  most  of  them  are  six-sided  double  pyramids.  These 
crystals  are  hard,  easily  pulverizable,  transparent,  of  a  combined 
saltish  and  saccharine  taste,  and  dissolve  in  about  3*7  parts  of  cold 
water,  and  slightly  in  alcohol.    The  formula  for  this  combination  is 

C„  H„  0„,  2H0+C,,  H„  0„,  NaCl. 

Tests  for  Diabetic  Sugar .^  a.  Hun^elffs  test.  Place  4  oz.  of 
the  suspected  urine  in  a  glass  exposed  to  the  sun's  rays,  and  add 
^bout  6  drops  of  a  tolerably  strong  solution  of  chromic  acid.  In  a 
few  minutes,  if  sugar  be  present,  the  mixture,  previously  orange  red, 
becomes-  brownish,  and  soon  after  assumes  a  bistre-brown   colour. 

*  It  IB  worthy  of  remaik  taX  logar  from  difierent  sorts  of  milk  yields  ▼aiying  qusntitles  of 
mncic  acid. 

*  A  esse  in  which  sugar  was  detected  m  the  sweat  of  a  diabetic  patient  is  leooided  by 
Nasse,  Rhein.  Gocresp.  Blatt  1842.  Nr.  6. 

3  Simon  found  diat  one  part  of  diabetic  sugar  dissolyed  in  1*3  of  water  at  53^. 

*  The  following  observiUions  are  prindpally  taken  from  an  excellent  jMmer,  br  Dr.  G. 
Bird,  on  the  dete^ion  of  a  diabetic  state  of  die  urine,  in  the  London  Memcal  CSnelte  for 
1843.  Wehaveomitftedtonotioe  thetertaffijrdedbytherotatoiy  powerofasolQtiaaofaqgtf 
on  a  ny  of  pobriaed  light,  as  it  has  been  shown  by  Dr.  Leeson  to  affixd  veiy  foUacioiis 
lesoltB.    (Memoirs  of  the  Chemical  Society,  Part  7,) 
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These  changes  take  place  much  more  quickly  if  the  mixture  of  urine 
and  chromic  acid  be  gently  warmed  before  exposure  to  li^t 

This  test  depends  ror  its  action  upon  the  deoxidizing  power  of  the 
sugar,  by  which  the  chromic  acid  is  reduced  to  oxide  of  chromium ; 
for,  after  warming  the  mixture,  the  addition  of  a  few  drops  of  liquor 
potassw  produces  a  copious  deposit  of  the  green  oxide. 

There  is  an  important  objection  to  this  test  which  renders  all  its 
indications  liable  to  serious  fallacy,  depending  upon  the  (aciy  that  all 
urine  containing  a  normal  proportion  of  colouring  matter  deoxidizes 
chromic  acid;  and  consequently  urine,  whether  saccharine  or  not, 
will  partially  convert  this  acid  into  the  oxide.  This  change  certain- 
ly does  not  occur  so  readily  in  non-saccharine  urine  as  in  a  diabetic 
state  of  that  fluid,  but  still  is  mifficiently  marked  to  preyent  Hiinefeld's 
test  being  regarded  in  any  other  light  than  a  fallacious  one. 

b.  Runges  test.  Allow  a  thin  layer  of  the  suspected  urine  to 
evaporate  on  a  white  surface,  as  the  bottom  of  a  white  plate,  and, 
whilst  warm,  drop  upon  the  surface  a  few  drops  of  sulphuric  acid, 
previously  diluted  with  6  parts  of  water.  With  healthy  urine,  the 
part  touched  with  the  acid  becomes  merely  of  a  pale  orange  colour, 
from  the  action  of  the  latter  upon  the  colouring  matter  of  me  urine; 
whilst  if  sugar  be  present  the  spot  becomes  deep  brown,  and  soon 
black,  from  the  decomposition  of  sugar  by  the  acid,  and  consequent 
deporition  of  carbon.  This  test  is  stated  to  be  so  delicate,  that  1  part 
of  sugar  dissolved  in  1000  of  urine  can  be  readily  detected;  and  even 
when  mixed  with  2000  parts  the  indications  are  tolerably  distinct 

According  to  Dr.  G.  Bfa^,  the  presence  of  albumen  causes  the  acid 
to  yield  a  tint  nearly  resembling  that  produced  by  sugar. 

c.  Moore^s  test  depends  on  the  conversion  of  diabetic  sugar  into 
brown  melassic  (or  perhaps  sacchulmic  acid)  under  the  influence  of 
a  caustic  alkali.  Place  in  a  test  tube  about  two  drachms  of  the  sus- 
pected urine,  and  add  nearly  half  its  bulk  of  liquor  potassse.  Heat 
the  mixture' over  the  spirit-lamp,  and  allow  it  to  boil  for  a  minute  or 
two;  the  previously  pale  urine  will  become  of  an  orange-brown  or 
even  bistre  tint,  according  to  the  proportion  of  sugar  present  This 
reaction  has  been  long  known,  but  Mr.  Moore  deserves  the  credit  of 
bringing  it  prominently  forward. 

d.  Trommer^s  test.  Add  to  the  suspected  urine  contained  in  a 
large  test  tube,  a  few  drops  of  a  solution  of  sulphate  of  copper;  a  very 
inconsiderable  troubling  generally  results,  probably  from  the  deposi- 
tion of  a  little  phosphate  of  copper.  Sufficient  liquor  potassse  should 
then  be  added  to  render  the  whole  strongly  alkaline;  a  grayish  green 
precipitate  of  hydrated  oxide  of  copper  falls,  which,  if  sugar  be  pre- 
sent, wholly  or  partly  redissolves  in  an  excess  of  the  solution  of  pot- 
ash, forming  a  blue  liquid,  not  very  unlike  the  blue  ammoniuret  of 
copper.  On  gently  heating  the  mixture  nearly  to  ebullition,  the  cop- 
per falls  in  the  state  of  suboxide,  forming  a  red  and  copious  precipi- 
tate. If  sugar  is  not  present,  the  copper  is  deposited  in  the  form  of 
black  oxide. 

6» 
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This  test  is  founded  on  a  fact  long  known,  but  not  previously  ap- 
plied to  the  detection  of  sugar,  of  the  power  possessed  by  some  or- 
ganic matters  of  reducing  oxide  of  copper,  as  well  as  some  other  ox- 
ides, to  a  lower  state  of  oxidation.  It  certainly  is  the  most  delicate 
of  all  the  chemical  tests  hitherto  proposed  for  the  detection  of  sugar 
in  the  urine,  and  will  readily  detect  it  in  diabetic  urine,  even  when 
very  largely  diluted. 

It  is  important  in  using  this  test  that  no  more  of  the  solution  of 
sulphate  of  copper  be  used  than  is  sufficient  to  afford  a  decided'  pre- 
cipitate on  the  addition  of  the  liquor  poiasstt.  If  this  precaution  be 
not  attended  to,  apart  only  of  the  black  oxide  will  be  reduced  to  red 
suboxide*  unless  a  very  large  quantitv*  of  sugar  is  present^  and  thus 
the  indications  afforded  by  this  test  will  be  rendered  indistinct 

e.  Fermentation  test.  The  development  of  the  vinous  fermen- 
tation on  the  addition  of  a  little  ferment  or  yeast  to  a  fluid,  has  long 
been  applied  as  a  test  for  the  detection  of  stifor.  It  was  successfully 
employed  by  Professor  Leopold  Gmelin  of  Heidelberg*  for  the  de- 
tection of  sugar  in  the  animal  fluids  after  the  ingestion  of  amylace- 
ous food.  UT.  Christison  has  the  merit  of  particularly  suggesting 
the  application  of  fermentation  for  the  discovery  of  a  diabetic  state 
of  the  urine. 

When  a  little  yeast  is  added  to  healthy  urine  exposed  to  a  tempe- 
rature of  about  80^,  no  other  change  occurs  for  some  time,  except  the 
development  of  a  portion  of  carbonic  acid  mechanically  entangled 
in  the  yeast  When  sugar  is  present  in  the  urine  thus  treated,  it  soon 
becomes  troubled,  a  tolerably  free  disengagement  of  bubbles  of  car- 
bonic acid  takes  place,  and  a  frothy  scum  forms  on  the  surface  of  die 
fluid,  which  evolves  a  vinous  odour.  These  changes  take  place 
with  great  rapidity,  even  when  the  quantity  of  sugar  present  is  very 
small.  If  the  evolved  carbonic  acid  is  collected,  the  quantity  of 
sugar  in  the  urine  may  be  determined  by  measuring  it,  as  a  cubic 
inch'  of  the  gas  very  nearly  corresponds  to  a  grain  of  sugar. 

In  the  absence  of  a  mercurial  trough,  the  carbonic  acid  may  be 
determinedly  the  increase  of  weight^  of  Liebig's  bulb-apparatus, 
charged  with  a  solution  of  potash. 

/  Test  afforded  by  the  growth  of  the  torula.  If  urine  contain- 
ing the  smallest  proportion  of  sugar  be  exposed  for  a  few  hours  to  a 
temperature  above  70^,  and  a  drop  taken  from  the  surface  be  exa- 
mined under  the  microscope,  numerous  very  minute  ovoid  particles 
will  be  discovered.  In  the  course  of  a  few  hours  more  they  become 
enlarged,  and  appear  as  distinct  oval  vesicles,  which  rapidly  become 
developed  into  that  species  of  confervoid  vegetation,  to  which  the 
term  torula  has  been  applied. 

1  RecbeidiM  Experimentiles  rar  la  Digeitian.    Ptarii,  18Si6.  Part  I.  p.  902. 
*  100  cubic  incheB  of  caibonk  acid  gas  corraqpond  witfi  106^  graina  of  diabetic  nigar. 
s  100  gndna  of  carbonic  acid  indicate  225  grains  of  diabc^  sugar.    The  gas  musk  be 
paswd  tliiougb  a  tube  oontaining  chloride  of  caloum. 
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2.  Fats. 


Under  the  name  of  ^  fats,"  we  include  various  non-nitrogenous 
compounds,  which  are  insoluble  in  water,  but  soluble  in  hot  dcohol 
and  ether. 

Some  of  these  fats  possess  the  property  of  being  decomposed  by 
strong  bases,  especially  by  the  alkalies,  and  by  oxide  of  lead;  in  this 
case  one  of  Uie  two  principal  constituents  separates  itself,  while  the 
other  (an  acid)  combines  with  tlie  base,  forming  a  soap  with  the  al- 
kalies and  a  plaster  with  oxide  of  lead.  Hence  it  follows  that  those 
fats  which,  on  account  of  this  property,  are  termed  saponifiable,  are, 
like  the  salts,  formed  of  an  acid  and  of  a  base;  these  acids  and  their 
bases  being  themselves  the  oxides  of  compound  radicals,  probably  of 
hydro-carburets. 

There  are  other  fats  which  cannot  be  decomposed  in  this  manner: 
they  are  termed  non-saponifiable  fats. 

We  shall  commence  with  the  consideration  of  the  former  class, 
the  saponifiable  or  true  fats. 

a.  Falty  Bases.  We  are  acquainted  with  three  bodies,  oxides  of 
different  radicals,  which  act  the  part  of  bases  in  the  animal  fats. 
These  are  glyceririj  the  oxide  ofcetyl^  and  ttraka:  the  first  of  these 
three  is  the  most  widely  distributed,  and  forms  the  base  of  the  fats 
of  the  human  body;  the  oxide  of  cetyl  exists  in  spermaceti,  and  ce- 
rain  in  bees'  wax.     We  shall  restrict  our  remarks  to  glycerin. 

Glycerin^  is  separated  from  the  fats  by  the  act  of  saponification, 
when  the  acid  with  which  it  was  combined  enters  into  combination 
with  the  new  base.  The  best  method  of  obtaining  it  in  a  state  of 
purity  is  to  boil  an  animal  fat  with  oxide  of  lead.  The  salt  of  lead 
which  is  formed  is  insoluble  in  water,  (it  is,  in  fact,  a  plaster,)  while 
the  glycerin  remains  in  solution.  After  removing  any  excess  of  lead 
by  a  current  of  sulphuretted  hydrogen,  we  must  evaporate  the  fluid 
Tfi  vaoio  over  sulphuric  acid. 

The  glycerin,  prepared  in  this  manner,  is  a  clear  uncrystallizable 
fluid,  of  spec  grav.  1*28,  of  a  vellowish  colour,  devoid  of  odour,  of  a 
marked  sweet  taste,  very  soluble  in  water  and  alcohol,  but  insoluble 
in  ether.  It  burns  with  a  clear  blue  flame.  It  is  considered  as  the 
hydrate  of  an  oxide  of  a  radical,  glyceryl  (C^  H^),  which  has  not  yet 
been  isolated.  Its  composition  is  expressed  by  the  formula'  C^  H 
0^+  Ho.  Stenhouse  assigns  the  formula  C3  H,  0,  or  C^  H9  4-  0,  ana 
Redtenbacher  C^  H^  O9  4-4H0,  to  this  substance.  At  an  elevated 
temperature,  a  portion  of  the  glycerin  is  distilled  without  change, 
while  the  rest  is  converted  into  empyreumatic  oils,  acetic  acid,  and 
combustible  gases,  leaving  a  carbonaceous  residue. 

Diagnosis.     Glycerin  may  be  recognised  by  its  taste,  by  its  solu- 

*  Thii  snbBtaiioe,  g^'oerin,  ii  miiled  in  each  &t  with  a  difieitDt  add,  and  baooe  the  his 
maj  be  ooDMdeml  aa  aalte  ofdjcoin. 
s  Bee  Appcndii  L  Note  *^3. 
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bility  in  water  and  alcohol,  but  not  in  ether,  by  the  absence  of  {crys- 
tallization, and  by  the  strong  white  precipitate  which  is  formed  upon 
the  addition  of  nitrate  of  mercury. 

/3.  Fatty  Acidi.  We  shall  now  proceed  to  consider  the  fatty  acids 
which,  in  combination  with  glycerin,  constitute  the  various  fats  and 
oils.  Two  simple  fats,  nitarm  and  margartny  and  a  simple  oil,  oldnj 
with  their  respective  acids,  the  9ttwrkj  margariCy  and  oldcy  are  espe> 
cially  deserving  of  notice. 

The  researches  of  Redtenbacher,  Varrentrap,  and  Bromeis,  have 
shown  that  the  two  former  of  these  acids  are  in  reality  constituents 
of  the  same  radical,  in  different  stages  of  oxidation.  This  radical  is 
termed  margaryl,  and  its  constitution  is  expressed  by  the  formula 

in  addition  to  these  acids,  we  find  certain  fatty  acids  in  butter, 
which,  in  combination  with  glycerin,  form  distinct  fats.  Fr6my  has 
likewise  described  a  peculiar  acid  of  this  nature  as  existing  in  the 
brain,  to  which  he  has  given  the  name  cerebrk  acid.  We  omit  the 
consideration  of  various  other  fatty  acids,  which  are  only  met  with 
in  particular  animals  and  in  the  vegetable  kingdom. 

a.  Margaryl  and  Us  oxidet — itearie  and  margark  acids.  On  sapo- 
nifying mutton  fat  with  potash,  dissolving  the  soap  which  is  thus 
formed  in  six  parts  of  hot  water,  and  then  adding  forty-five  parts  of 
cold  water,  and  allowing  the  solution  to  rest  at  a  temperature  of  60*, 
we  obtain,  after  some  little  time,  a  lamellar  precipitate  of  bistearale 
of  potash,  mixed  with  bimargarate,  and  a  little  oleate  of  the  same 
base.  On  neutralizing  the  free  potash  in  the  supernatant  fluid  with 
an  acid,  and  proceedmg  as  before,  we  obtain  a  precipitate  of  the 
margarate  and  stearate  of  potash.  After  this  process  has  been  repeated 
several  times,  nothing  but  oleate  of  potash  remains  in  solution.  The 
precipitates  must  be  washed,  dried,  and  dissolved  in  boiling  alcohol. 
On  cooling,  the  stearate  of  potash,  which  is  the  least  soluble,  separates 
first,  mixed  with  a  small  quantity  of  the  margarate.  The  more  fre- 
quently the  solution  is  repeated  the  more  certain  are  we  that  ulti- 
mately the  whole  of  the  margarate  will  be  retained  in  solution. 

The  pure  stearate  of  potash  is  decomposed  by  warm  dilute  hydro- 
chloric acid;  and  the  stearic  acid  which  precipitates  is  to  be  wariied 
in  water  and  dissolved  ih  boiling  alcohol,  from  which  it  crystallizes, 
on  cooling,  in  white  brilliant  scales.  By  the  same  process  the  mar^ 
garic  acid  is  separated  from  the  pure  margarate  of  potash.  Margaric 
acid  is  obtained  most  easily  from  human  fat,  which  contains  a  very 
large  amount  of  margarin.  Stearic  acid  melts  at  158^  The  specific 
gravity  of  the  acid  in  its  solid  state  is  1-01.  It  is  perfectly  insoluble 
in  water,  but  dissolves  readily  in  ether  as  well  as  m  boiling  alcohol, 
in  which,  on  cooling  to  129^,  crystals  begin  to  form.  Its  solution 
exhibits  a  mild  acid  reaction  towards  litmus;  in  the  solid  form  it 
burns  with  a  clear  flame,  like  wax. 

The  leading  difference  between  margaric  and  stearic  acids  is  the 
greater  fusibihty  of  the  former,  which  becomes  liquid  at  140^     Its 
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crystals  assume  an  acicular  form,  and  are  smaller  and  less  brilliant 
than  those  of  stearic  acid. 

Stearic  acid  is  represented  by  the  formula*  C^  H^  0^.  In  its 
crystalline  state  it  is  combined  with  2  atoms  of  water  (forming  the 
hydrate  of  stearic  acid),  which  it  gives  up  on  unitine  with  a  base. 

Margaric  acid  is  represented  by  the  formula  C^^  H^  O^.  The  hy- 
drate contains  only  1  atom  of  water. 

The  radical  of  these  two  acids,  margaryly  is  represented  by  the 
formula  C,,  H,,  (M)  _ 

Hence,  margaric  acid  cs  ]Vf -I-O3 

and  stearic  acid  as  21^+0^ 

If  we  treat  stearic  acid  for  some  time  with  nitric  acid  at  a  tempe- 
rature of  212^,  it  becomes  completely  converted  into  margaric  acid. 

A  similar,  although  not  so  perfect  an  effect  is  produced  by  sulphu- 
ric and  chromic  acids. 

The  stearic  and  margaric  are  very  weak  acids;  at  an  elevated  tem- 
perature they  have  the  power  of  expelling  carbonic  acid  from  its 
combinations;  most  of  the  other  acids,  however,  decompose  their  salts. 
The  alkaline  and  neutral  stearates  and  margarates  are  soluble  in  wa- 
ter; the  acid  salts  (for  there  are  hi-  and  even  quadrl-stearates  of  pot- 
ash and  soda)  are  not  soluble  in  this  fluid,  neither  are  the  salts  formed 
with  other  bases.  The  stearates  of  baryta,  strontia,  and  lime  are 
white,  insipid,  and  inodorous  powders.  The  neutral  stearates  of  pot- 
ash and  soda  occur  in  many  of  the  animal  fluids,  especially  in  the  bile. 

We  have  already  observed  that  most  of  the  fats  are  formed  by  a 
combination  of  stearic  and  margaric  acids  with  glycerin.  The  bi- 
siearaie  0/ glycerin,  or,  as  it  is  usually  termed,  stearin,  is  best  ob- 
tained from  mutton  suet,  either  by  washing  it  with  ether  as  long  as 
any  thing  is  dissolved,  or  by  mixing  up  melted  suet  with  six  times 
its  volume  of  ether,  and  subjecting  the  mass,  when  cold,  to  strong 
pressure.  In  both  these  processes  the  olein,  which  is  fluid  at  the 
ordinary  temperature,  is  removed,  and  the  stearin  remains  behind, 
although  seldom  in  a  state  of  purity.  Stearin  melts  at  144^.  It  is 
insoluble  in  water,  and  only  dissolves  in  alcohol  with  the  aid  of  heat 
It  dissolves  very  readily  in  boiling  ether ;  but,  as  the  ether  cools, 
nearly  the  whole  of  the  stearin  is  again  precipitated,  and  at  59^  it 
only  retains  the  one  hundred  and  twenty-fifth  part  of  its  weight  in 
solution.  It  is  also  soluble  in  the  fatty  and  volatile  oils,  and  in  py- 
roacetic  spirit  The  stearin,  after  being  melted  down,  and  allowed 
to  reassume  its  solid  form,  appears  as  a  white,  semitransparent,  un- 
crystalline  mass,  not  unlike  wax.  Acids  and  bases  convert  it  into 
stearic  acid  and  glycerin.  The  formula  for  stearin  is  C^^  H^^^  0^^; 
it  is  equivalent  to 


1  Atomofdyoerin    -    -    -    C, 

2  AloiiM of itearic  add  -    -    C,„  **,„  ^,,^— w,,,  .*j„ -i, 
2  AtooM  of  wtler      ... 


1  See  Appendix  L  Note  24. 
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The  bimargaraie  qfglyeerinj  or  margartfij  is  obtained  by  sub- 
mitting to  spontaneous  evaporation  the  etihereal  solution  from  which 
the  stearin  has  been  separated.  The  flocculi  of  margarin  that  sepa- 
rate themselves  must  be  freed  from  olein  by  pressure.  Margarin 
melts  at  118^.  Its  solubility  in  ether  is  much  greater  than  that  of 
stearin;  at  74^  it  is  perfectly  soluble  in  5  parts  of  ether.  It  is  nearly 
as  soluble  in  acohol  at  the  ordinary  temperature  as  at  the  boiling 
point    In  other  respects  it  closely  resembles  stearin. 

The  formula  for  margarin  is  C^  H^^  0,^  corre^nding  with 

1  Atom  g^yoBDii        •    •    -    C,    H,    O^) 

2  Atom  muguic  add       -    C,.  H„  O.  S  «=  C,.  H„  O., 
]  Atom  water      ....  H      O  ) 

b.  Oleic  acid.  This  acid  is  obtained  from  the  oleate  of  potash, 
which  is  produced  during  the  preparation  of  the  stearate  and  mar- 
^garate  of  potash,  and  remains  in  solution.  It  must  be  separated  by 
the  addition  of  a  mineral  acid,  and  then  well  washed  and  shaken  in 
hot  water.  It  is  an  oily  fluid,  of  a  clear  yellow  colour,  and  does  not 
assume  a  solid  form  until  it  is  cooled  several  degrees  below  the 
freezing  point  of  water.  At  about  19^  or  20^  it  congeals  into  white 
acicular  crystals.  It  is  very  acid,  and  has  a  rancid  odour  and  taste. 
Its  specific  gravity  is  0*898.  It  is  not  soluble  in  water,  but  dissolves 
in  alcohol  in  all  proportions,  and  the  spirituous  solution  acts  freely 
on  litmus  paper.  It  combines  with  stearic  and  margaric  acids  in  all 
proportions,  and  the  perfect  separation  of  the  acids  in  such  cases  is 
not  very  easy.  Its  composition,  according  to  Varrentrap,  is  repre- 
sented by  the  formula  C^  H^  O^-fHO. 

Oleic  acid  may  be  distilled  tn  vacuo  without  undergoing  any 
change;  but  if  atmospheric  air  be  admitted,  a  small  portion  only 
passes  over  unaltered,  while  the  greater  part  is  decomposed,  and  some 
carbon  remains  in  the  retort 

r  1  At  aebacic  acid   C,,  U.  0« 
2  Atom,  hydraled  Mc  nod,  C„  H..  O..,  prodi«  j  If^r^^  "^^\,  H„  ^* 

r  Beaidual  carboQ      C^ 

Sebacic  acid  was  formerly  considered  as  a  product  of  the  destruc- 
tive distillation  of  all  fatty  bodies,  but  it  has  been  shown  by  Redten- 
bacher  to  arise  only  from  oleic  acid.  OJeic  acid  removes  carbonic 
acid  from  bases.  The  oleates  do  not  crystallize;  those  which  are 
soluble  appear  as  soft,  easily  fusible  bodies,  and  are  more  soluble  in 
alcohol  than  in  water.  The  oleates  of  potash  and  soda,  if  treated 
with  a  su£Scient  quantity  of  water,  become  reduced  to  binoleates, 
and  a  portion  of  the  base  is  freed.  The  oleate,  as  well  as  the  stea- 
rate of  soda,  exists  in  the  bile.  The  binokate  qf  glycerin ^  usually 
termed  o/etn,  exists  in  small  quantity  in  the  various  solid  fats,  but 
forms  the  principal  mass  of  the  liquid  fixed  oils.  It  exists  as  an  olea- 
ginous fluid,  and  varies  in  some  respects,  especially  in  regard  to  the 
point  of  fusion  in  the  fats  of  different  animals.  Chevreul  describes 
the  olein  of  human  fat  as  a  colourless  oil,  devoid  of  odour,  and  of  a 
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sweetish  taste,  which  retains  its  fluid  state  at  25°.  At  a  lower  tem- 
perature it  assumes  a  crystalline  acicular  form.  Its  specific  gravity 
at  59°  is  0*913.  One  hundred  parts  of  boiling  alcohol  dissolve  123 
of  olein;  when  the  solution  cools  to  170°,  it  becomes  turbid.  It  is 
readily  soluble  in  ether,  but  perfectly  insoluble  in  water.  It  bums 
with  a  clear  flame.  It  dissolves  camphor,  phosphorus,  selenium,  the 
ethereal  oils,  benzoic  and  many  other  organic  acids.  Its  composi- 
tion is  represented  by  the  formula  C^  H^^  0^^,  and  is  composed  of 

lAtomghrcerin    -    -    -    C.  H,  O.i 

2  Atoms  oloc  wad     ->CHO>=CHO 

e.  Butyric  and  Us  allied  adds.  Butter  contains  four  volatile  acids, 
which  stand  in  a  very  simple  relation  to  each  other,  namely,  buiuric 
odd  =  C,  H.  0^  eaproic  acid  =  C  H^  0^,  capriUic  acid  =  C^^  H 
Oy  and  capric  add  =  C^  H^  0^.  Butter  sometimes  afibrds,  instead 
of  butyric  and  eaproic  acids,  a  distinct  acid,  vacdnic  acid,  which  ap- 
pears to  be  equal  to  the  sum  of  those  two  acids,  minus  1  atom  of 
oxygen,  and  is  very  readily  decomposed  into  them.  Two  of  these 
acids,  the  capryllic  and  vaccinic,  were  discovered  only  a  few  months 
ago,  by  Lerch,  a  German  chemist.  The  following  is  the  method 
that  he  jpves  for  their  separation : 

^  Frew  butter  is  completely  saponified  with  potash  in  a  still,  the 
soap  decomposed  in  the  vessel  with  dilute  sulphuric  acid,  the  head 
then  luted  on,  and  the  aqueous  liquid  drawn  off  to  within  a  fourth. 
Fresh  water  is  then  added  to  it,  which  is  again  distilled  ofi*,  and  this 
operation  continued  as  long  as  the  water  which  passes  over  possesses 
any  acid  reaction.  In  this  manner  the  volatile  fat  acids  are  carried 
over  just  as  tlie  essential  oils;  the  action  of  the  atmosphere  is  more- 
over entirely  excluded.  From  four  to  five  pints  of  a  milky  liquid 
are  obtained  from  a  pound  of  butter,  on  the  surface  of  which  float 
drops  of  oil  and  particles  of  hard  or  smeary  fat  The  distilled  water 
is  immediately  saturated  in  the  receiver  with  barytic  water,  and  al- 
lowed to  stand  well  closed  till  the  end  of  the  distillation.  When 
the  distillation  is  finished,  the  still  is  cleansed,  and  the  liquid  satu- 
rated with  barytic  water,  evaporated  in  it,  with  the  head  on,  to  about 
the  twentieth  part,  and  the  still  hot  concentrated  ley  then  reduced 
to  dryness  in  a  retort 

**The  saline  mass  obtained  in  this  manner  consist  of  two  portions, 
one  easy,  the  other  difficult  of  solution.  The  more  soluble  portion 
cott8i8t8,according  to  circumstances,  of  butyrate  and  caproate  of  baryta, 
or  solely  of  the  barytic  salt  of  vaccinic  acid;  but  in  this  case  there  is 
little  or  no  butyric  or  eaproic  acid  present.  The  portion  difficult  of 
solution  consists  of  the  baryta  salts  of  two  distinct  acids,  which 
Chevreul  described  together  as  caprate  of  baryta.  The  more  insoluble 
portion  amounts  to  about  the  twentieth  part  of  the  soluble,  and  the 
entire  mass  to  about  the  tenth  part  of  the  saponified  butter.  To 
separate  the  difierent  salts,  the  residuary  saline  mass  is  boiled  with 
about  5  or  6  parts  of  water;  one  portion  dissolves,  the  other  remains 
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behind.  The  solution  of  the  readily  soluble  salts  is  set  aside  to 
crystallize;  if^  on  the  first  crystallization,  the  crystals  which  separate 
have  the  appearance  of  benzoate  of  lime,  and  do  not  effloresce,  i.  e. 
if  they  are  caproate  of  baryta,  the  butyrate  of  baryta  has  still  to  be 
sought  for  in  the  solution ;  but  if  nests  of  small  crystals  form,  which 
quickly  effloresce,  and  resemble  nests  of  the  native  carbonate  of  lime, 
it  is  vaccinate  of  baryta,  and  it  is  then  unnecessary  to  look  for  buty- 
rate and  caproate  of  baryta. 

^^The  circumstances  under  which  butter  contains  vaccinic  acid  or 
butyric  and  caproic  acids  are  not  known.  The  butter  of  1842,  and 
likewise  that  of  the  following  winter,  contained,  in  several  experi- 
ments, not  a  trace  of  any  other  easily  soluble  salt  of  baryta  than  the 
vaccinate:  while  the  butter  in  the  summer  of  1843  contained  no  vac- 
cinic acid,  but  only  the  other  two. 

<^The  soluble  saline  mass,  containing  the  butyric  and  caproic  acids 
is  dissolved  in  water  and  evaporated  to  crystallization,  in  order  to 
separate  them.  Long  silky  needles,  aggregated  in  bundles,  separate 
even  in  the  first  crystallizations;  and  it  the  solution  has  been  suffi- 
ciently concentrated,  nearly  the  whole  of  the  caproate  salt  is  depo- 
sited. The  entire  solution  solidifies  to  a  paste  of  minute  needuss, 
which  are  separated  by  pressure  from  the  mother-ley,  and  purified  by 
recrystallization.  The  remaining  ley  is  now  allowed  to  crystallize 
spontaneously,  which  is  best  effected  by  exposure  to  the  sun;  at  first 
a  little  caproate  of  barjrta  still  separates,  the  form  of  the  crystal  then 
changes,  laminae  of  mother-of-pearl  lustre  make  their  appearance,  and 
all  the  subsequent  crystallizations  are  nearly  pure  butyrate  of  baryta, 
which  is  purified  by  recrystallization. 

^'The  saline  mass  of  difficult  solution  is  dissolved  in  just  so  much 
boiling  water  as  is  requisite  for  complete  solution,  and  is  filtered  ^ 
while  hot  During  the  cooling,  the  liquid  becomes  filled  with  minute 
scales  of  caprate  of  baryta,  of  a  fatty  lustre,  which  subside  in  the  form 
of  a  crystalline  precipitate.  The  decanted  mother-ley  is  again  eva- 
porated one  fourth,  when  a  fi*esh  quantity  of  caprate  of  baryta  sepa- 
rates. This  salt  is  purified  by  recrystallization.  The  mother-fey 
now  contains  the  capryllate  in  solution;  it  is  evaporated  by  exposure 
to  the  sun,  when  the  salt  separates  in  minute  granules  and  verrucous 
masses,  which  are  obtained  pure  by  recrystallization. 

^^This  is  the  best  method  of  separating  these  salts  firom  each  other ;  an 
absolute  separation  is  impossible,  for  there  always  remain  mixed  crys- 
tals and  leys,  which  in  small  quantities  are  not  worth  while  working.''^ 

The  butyrate  of  baryta  is  much  the  most  soluble  of  these  salts,  re- 

3uiring  only  2*77  parts  of  water.     On  decomposing  it  by  adding 
ilute  sulphuric  acid  to  its  solution  we  obtain  butyric  acid,  in  the 
form  of  a  colourless  or  faintly  yellow  oleaginous  fluid. 

Butyric  acid  possesses  an  unpleasant  odour,  which  calls  to  mind 
at  the  same  time  that  of  acetic  acid  and  of  rancid  butter.     It  is  solu- 

1  Ann.  der  Chem.  und.  Phann.  xlix.  p.  21%  aa  tniuiated  in  Number  45  of  flie  ChBniHtl 
Gaaette. 
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ble  in  every  proportion  in  water  and  alcohol,  and  more  soluble  in 
ether  than  the  otner  acids  of  the  same  group.  Its  specific  gravity  is 
0*963  at  59^;  it  evaporates  easily  in  tlie  open  air,  boik  under  ordi- 
nary pressure  at  about  327^,  and  distik  wiUiout  undergoing  any  per- 
ceptible alteration.  Its  vapour  is  inflammable,  and  burns  with  a  blue 
flame.  A  continued  cold  of  4^  does  not  produce  any  change  in  the 
state  of  the  butyric  acid;  its  taste  is  strongly  acid  and  burning;  it  at- 
Udu  «nd  disorganizes  the  skin  in  the  sune  manner  bb  the  strongest 
acids. 

The  chemical  rektions  of  this  acid  have  been  made  an  object  of 
especial  research  by  Chevreul,  Pelouze  and  Gelis,  and  Lerch,  and 
numerous  butyrates  and  butyric  ether  have  been  formed,  and  sub- 
mitted to  careful  investigation  and  analysis. 

The  only  compound  of  butyric  acid  that  concerns  us  at  present  k 
the  huiyraU  of  glycerm^  or  6ti/yrtn,  the  essential  fatty  matter  of  butter. 
In  order  to  isolate  butyrin  from  the  various  compounds  with  which 
it  k  assockted  in  butter,  we  must  adopt  the  following  method.  Puri- 
fied butter  must  be  kept  for  some  days  at  a  temperature  of  about  66^. 
At  that  temperature  olein  and  butyrin  are  liquid,  whOe  the  solid 
stearin  forms  a  mass  by  degrees,  so  that  the  liquid  portion  may  be 
decanted  ofil  On  this  decanted  oily  matter  its  own  bulk  of  absolute 
alcohol  must  be  poured,  the  mixture  must  be  left  for  twenty-four 
hours,  and  the  temperature  be  regukted  to  66^.  On  distilling  ofi*  the 
alcohol  finom  this  alcoholic  solution  a  residue  of  butyrin  is  leu  mixed 
with  a  little  okin.  A  slightly  acid  reaction  is  usually  observed,  in 
consequence  of  the  decomposition  of  a  little  of  the  butyrin  into  bu- 
tyric acid.  This  may  be  removed  by  digesting  the  butyrin  in  a  mix- 
ture of  magnesk  and  water.  A  butyrate  t>i  mamesia,  soluble  in 
water,  is  formed,  and  the  butyrin  may  then  be  obtained  perfectly 
neutral.  The  removal  of  all  traces  of  olein  from  butyrin  is  nearly 
impossible. 

Butyrin  occurs  as  a  colourless  oil,  which  solidifies  at  32*^,  is  so- 
luble in  cold  alcohol,  but  not  in  water,  is  devoid  of  odour,  and  pro- 
duces no  efiect  on  litmus.  In  a  warm  atmosphere  it  speedily  decom- 
poses, and  yields  butyric  acid.  M  M.  Pelouze  and  Gelis  have  re- 
cently shown  that  by  a  peculkrprocess  of  fermentation  butyric  acid 
may  be  obtained  from  sugar.  They  recommend  the  following  as  the 
best  process  for  obtaining  the  largest  possible  amount  of  but}rric  acid 
finom  this  source.  • 

**  A  small  quantity  of  casein  is  mixed  with  a  solution  of  sugar,  in- 
dicating 10^  on  the  saccharometer,  and  sufficient  chalk  to  saturate 
the  whole  of  the  butyric  acid  which  subsequently  forms.  This  mix- 
ture k  left  at  a  constant  temperature  of  from  77^  to  86^.  It  soon 
undergoes  very  considerable  alterations;  the  fermentation,  at  first 
viscous,  subsequently  kctic,  gradually  becomes  butyric  These  de- 
compositions are  sometimes  successive,  sometimes  simultaneous,  with- 
out its  being  possible  to  regulate  their  course.  The  diseng^ement 
of  gases  becomes  more  abundant,  and  analyses  show  that  a  penod  ar- 
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rives  when  the  free  hydrogen  amounts  to  a  third  of  the  volume  of 
the  carbonic  acid.  At  this  period  the  butyric  fermentation  is  in  all 
its  vigour;  when  at  last,  at  the  end  of  some  weeks,  all  disengagement 
of  hydrogen  has  ceased,  the  operation  is  at  an  end,  and  the  solution 
then  contains  only  butyrate  of  lime."^ 

The  composition  of  butyric  acid,  its  proportion  which  amounted 
in  several  experiments  to  above  the  third  of  the  wei^t  of  the  sugar, 
the  liberation  of  free  hydrogen,  and  of  carbonic  acid  (independent 
of  that  which  is  disengaged  from  the  chalk,)  admit  of  our  supposinft 
that,  under  the  prolonged^influence  of  ferments,  sugar  is  decomposed 
in  the  following  manner: 

Qmpt  ngtr.  Butyric  acid. 

C..H.,0..  .  C.H,0,+HO+   4CO.+  8H  +  2HO. 

This  formula  is  merely  intended  to  exhibit  the  final  result,  for 
several  chemical  processes^  precede  the  formation  of  butyric  acid. 

By  combining  the  butyric  acid  formed  in  this  manner  with  g(|y- 
cerin,  they  obtained  a  fatty  matter  that  seemed  in  all  respects  identi- 
cal with  butyrin,  as  described  by  Cbevreul. 

Fibrin  yields  butvric  acid  as  one  of  the  products  of  its  decomposi* 
tion :  the  other  products  of  its  putre&ction  are  albumen,  carbonic  and 
acetic  acids,  and  ammonia.  It  may  likewise  be  obtained  by  heating 
this  substance  w:ith  potash  at  a  temperature  of  from  320®  to  $56\ 
A  small  quantitv  of  a  volatile  fatty  acid  forms,  which  remains  in 
combination  with  the  potash,  whibt  ammonia  and  other  volatile  pro- 
ducts are  disengaged.  This  acid  has  not  yet  been  analyzed,  but  it 
seems  to  possess  ^1  the  properties  of  butyric  acid.  (Wurtz.) 

CaproiC  acid  is  obtained  from  the  caproate  of  baryta,  which  crys- 
tallizes in  long  silky  needles,  aggregated  into  bundles. 

It  is  an  oily  limpid  liquid  with  the  odour  of  sweat,  and  a  sharp 
acid  taste.  Its  spec  ^v.  is  0*922  at  72<^;  it  evaporates  in  the  open 
^r;  its  boiling  point  is  above  212%  and  it  is  soluble  in  d^  parts  of 
water  at  44^*6.    It  dissolves  in  alcohol  and  ether. 

Capryllic  acicl,  at  the  ordinary  temperature,  forms  a  smeary 
mass;  below  SO""  it|  crystallizes  in  needles,  which  are  of  difficult  solu- 
tion in  water,  have  an  acid  and  acrid  taste,  and  a  peculiar  disagreeable 
odour.  The  baryta  salt  separates  from  hot  solutions  in  brilliant  lami- 
nae, but  on  spontaneous  evaporation  in  white  granules.  It  is  anhy- 
drous, is  not  affected  bv  exposure  to  the  air,  does  not  fuse  at  212%  and 
is  very  sparingly  soluble  in  water. 

Capric  acia  resembles  capryllic  acid  in  its  properties.  The  bary- 
ta salt  crystallizes  from  hot  solutions  in  minute  fatty  needles  and 


1  h  w  ndl  known  ihat  if  a  nMll  qanldty  of  canm  be  mtrodiwed  into  a  aolntion  of 
•ogu  or  fugar  of  milk,  ladao  acid  begiu  ytsy  loon  to  be  fixmed.    The  butyric  acid  mqr  be 
nmpoaad  to  be  fimnBd  in  flie  IbliowiDg  manner: 

»  eq.  of  lactic  add  (C\„  H.^  O,^)  «  16  eq.  of  bqlyric  add  (C,„  H.„  O.,)  +  W  O. 
These  GO  eq.  of  oxygeo  decompoee  6  eq.  of  lactic  add,  and  we  have— 

_._  u  *  ^P-  ^A  +3?^  *<"  "x  ^JS  -  aC0..4-."H+84Hp 

when  the  canxmic  add  m  exactly  three  tmiea  ne  Tdmne  of  the  hydrogen  produced. 
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scales,  and  on  spontaneous  evaporation  likewise  in  scales,  arranged  in 
dendritic  groups;  it  is  very  di£Bcult  of  solution,  is  anhydrous,  and  is 
not  aflfected  by  exposure  to  the  air. 

Vaceinic  acid.  Vaccinate  of  baryta  separates  in  nests  of  crystals^ 
which  have  already  been  described;  they  contain  water  of  crjrstalli- 
zation,  effloresce  very  readily  in  the  air,  become  very  similar  in  ap- 
pearance to  chalk,  and  difiiise  a  strong  odour  of  butter,  while  pure 
eaproate  and  butyrate  of  baryta  do  not  effloresce  in  the  least,  and 
have  scarcely  any  odour.  Vaccinate  of  baryta  is  soluble  in  water  to 
about  the  same  extent  as  butyrate  of  baryta;  the  saturated  solution  is 
thick  like  oiL  When  vaccinate  of  baryta  is  dissolved  in  water,  and 
ag^D  evaporated  in  a  retort,  it  crystallizes  from  the  solution  unal- 
tered; but  if  the  crystals  are  exposed  for  some  time  to  the  air,  they  at 
last  lose  nearly  all  their  odour,  and  no  longer  when  dissolved  crystal- 
lize on  evaporation,  but  in  their  stead  crops  of  eaproate  and  butyrate 
of  baryta  are  obtained*  The  same  happens  when  a  solution  is  exposed 
to  the  air  for  any  length  of  time,  or  boiled  in  an  open  dish.  No  ba- 
ryta separates  in  this  change,  no  acid  vapours  are  given  off,  and  the 
solution  remains  perfectly  neutral.  Vaceinic  acid  uierefore  saturates 
exactly  the  same  amount  of  baryta  as  the  two  acids  which  have  ori- 
ginated from  it;  the  relative  quantity  of  the  eaproate  and  butyrate  of 
baryta  formed  is  proportionate  to  the  atomic  weights  of  these  two 
saltSL  If  vaccinate  or  baryta  is  decomposed  by  sulphuric  acid,  with 
free  access  of  air,  and  the  separated  acid  removed  by  distillation,  sa- 
turated with  baryta,  and  set  aside  to  crystallize,  a  mixture  of  eaproate 
and  butyrate  of  baryta  only  is  obtained.  On  adding  some  solution 
of  silver  to  a  solution  of  vaccinate  of  baryta,  a  white  caseous  preci- 
pitate is  formed,  which  is  soon  reduced,  and  smells  strongly  of  buty- 
ric acid. 

Vaceinic  acid  has,  therefore,  evidently  the  same  capacity  of  satura- 
tion as  caproic  and  butyric  acids  together,  but  probably  contains  less 
oxygen. 

In  all  probability  these  acids  form  compounds  with  glycerin,  and 
exist  in  butter  as  distinct  fats. 

The  brain  contains  several  distinct  fats  which  have  been  examined 
by  different  chemists  (KQhn,  Couerbe,  Fr6my,)  and  found  to  contain 
phosphorus  and  sulphur.  Couerbe  has  given  to  these  the  names  of 
eUeneepholj  cerebroiy  cephalotj  and  stearaconot  Cephalot  is  the 
only  one  that  is  saponifiable,  and  which,  therefore,  comes  under  the 
category  of  the  true  fats.  Its  fat^  acid  is  unknown ;  in  fact,  the 
whole  subject  of  the  brain-fats  requires  an  entire  revision. 

Fr6my^  has  described  two  fatty  acids  that  exist  in  the  brain  in 
combination  with  soda,  to  which  he  has  applied  the  names  of  cerebric 
and  olecphosphoric  acids. 

Of  the  bodies  just  described,  those  which  act  the  part  of  bases, 
never  occur  naturally  in  an  isolated  state;  and  those  which  act  as 
acids,  very  seldom,    fiutjrric  acid  occasionally  exists  in  a  free  state 

>  AiMlei  de  ChimK,  1841. 
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in  the  urine,  and,  according  to  Gmelini  in  the  gastric  juice,  and  oc- 
casionally in  the  cutaneous  transpiration.  Lecanu  states  that  the 
marearic  and  oleic  acids  exist  in  a  free  state  in  the  blood.  Some  of 
the  fatty  acids,  as  already*  observed,  exist  in  the  bile  and  in  the  cere- 
bral matter,  in  combination  with  soda,  but  they  are  most  commonly 
found  united  with  glycerin. 

The  contents  of  the  cells  of  ordinary  adipose  tissue  are  a  mixture 
of  stearin,  margarin,  and  olein;  and  the  marrow  of  the  bones  has  a 
very  similar  composition.  The  relative  proportions  of  these  tiiree 
substances  varies  m  the  fat  of  different  animals,  which  is  the  reason 
of  the  different  consistence  of  various  fats.  The  more  olein  present, 
the  softer  and  more  liquid  will  the  fat  be:  and  those  fats  in  which 
the  olein  forms  the  principal  ineredient  are  called  oils.  Those  of  a 
mean  consistence  are  most  property  termedyb/^,  while  the  harder  ones 
are  known  as  stiet  Stearin  is  the  principal  constituent  of  suet;  mar- 
garin of  fat  or  lard.  Human  fat  smords  a  good  illustration  of  the 
proper  fats.  It  solidifies  at  62*;  but  the  consistence  is  not  constant, 
even  in  the  same  person — for  instance,  the  fat  of  the  kidneys  is  per> 
fectly  solid  at  68^,  while  the  fat  of  the  subcutaneous  tissue  remains 
fluid  as  low  as  59*. 

TAe  non'^aponijiablt  fat$. 

a.  Choleaterin  is  a  normal  constituent  of  the  bile,  of  the  brain, 
and  of  the  spinal  cord.  It  has  been  found  by  Lecanu,  Denis^ 
Boudet,  Marehand  and  Simon,  in  the  blood;  by  Fromhers  and  Gu^ 

Sert  in  the  vemix  caseaaa;  by  Breschet,  Wohler,  and  Marehand,  m 
ydrocele;  by  Stromeyer  in  an  encvsted  tumour  in  the  abdomen  of 
a  woman;  by  Breschet  and  Barruel  'in  the  ovary  and  testicle  in  a 
diseased  state;  by  Caventou  in  an  abscess  of  the  tooth;  by  Lassaigne 
in  a  scirrhous  structure  in  the  mesocolon;  by  Guggert  in  fungm  me- 
dullaris,  by  Marehand  in  medullary  sarcoma,  and  by  Drunty  in  a 
vesical  calculus  extracted  from  a  dos.  It  sometimes  exists  in  a  state 
of  solution,  while  in  other  cases  it  floats  on  the  surface,  either  in  the 
form  of  brilliant  scales,  or  of  solid  masses.  It  has  never  been  found 
in  any  of  the  plants  Which  are  used  for  food;  but  Dumas  has  found  a 
substance  of  a  similar  composition  in  the  resin  of  the  pine. 

In  order  to  obtain  it  from  biliary  calculi,  we  must  first  treat  these 
with  boiling  water,  then  triturate  dir,  and  pulverize  the  residue,  treat 
it  with  boiling  alcohol,  filter  it  while  still  hot,  and  allow  it  to  cod 
very  gradually.  The  cholesterin  separates  itself  in  the  form  of 
white,  sparkling,  transparent  scales.  These  should  be  collected  in  a 
filter,  again  dissolved  in  hot  alcohol,  and  allowed  to  recrystaUize. 
In  this  state  it  will  be  tolerably  pore.  Berzelius  recommends  the 
previous  addition  of  a  few  drops  of  caustic  potash  or  ammonia,  in 
order  to  saponify  any  stearic  or  marsaric  acid  that  may  be  present 

In  order  to  obtain  it  from  the  brain,  that  organ  must  first  be  de- 
prived of  all  its  water,  by  being  finely  triturated  and  then  placed 
upon  the  water-bath.    This  being  fully  accomplished,  it  must  be 
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treated  with  ether,  and  afterwards  with  boiling  alcohol,  until  these 
fluids  cease  to  abstract  any  thing  more.  As  the  alcoholic  solution 
cools,  a  white  powder  is  precipitated.  By  gently  distilling  the  ethe- 
real solution,  a  residue  remains,  from  which  cholesterin  may  be  taken 
up  by  boiling  alcohol;  on  mixing  the  two  alcoholic  solutions,  eva- 
poratinc  to  one  fourth,  and  allowing  the  mixture  to  cool,  a  portion 
of  the  ut  separates  in  the  form  of  a  white  powder,  which  consists 
not  merely  of  cholesterin,  but  also  of  a  substance  which  is  insoluble 
in  cold  ether,  the  certbrot  of  Couerbe.  If,  therefore,  we  treat  this 
(at  with  ether,  the  cholesterin  dissolves,  while  the  cerebrot  remains 
unacted  on.  By  evaporation  we  obtain  the  cholesterin  in  a  crystalline 
state,  and  by  dissolving  it  in  boiling  alcohol  and  allowing  it  to  re- 
crystallize  on  cooling,  we  obtain  it  in  a  state  of  purity. 

On  slowly  cooling  its  alcoholic  solution,  cholesterin  crystallizes  in 
delicate  white  nacerous  scales.  It  is  devoid  of  taste  and  smell,  is  in- 
soluble in  water,  but  dissolves  in  alcohol  and  in  ether.  According 
to  Chevreul,  100  parts  of  boiling  alcohol  of  0*816  dissolve  18  of  cho- 
lesterin; if  alcohol  of  0*840  be  used,  only  11*24  parts  are  taken  up; 
on  cooling,  tfie  sreater  part  is  deposited.  Kiihn  states  that  1  part  of 
cholesterin  is  soluble  in  12*1  of  ether  at  32^,  in  3*7  parts  at  59^,  and 
in  2-ft  parts  of  boiling  ether.  Cholesterin  is  perfectly  neutral,  of  about 
the  same  specific  gravity  as  water,  and  at  280^  melts  into  a  colour- 
less fluid  without  undergoing  any  decomposition.  Crystallized  cho- 
lesterin contains  about  5*2^  of  water.  It  burns  with  a  clear  flame, 
like  wax,  and  one  of  its  most  striking  characteristics  is,  that  it  is  not 
a&cted  by  a  solution  of  caustic  potash. 

Its  composition  is  represented  by  the  formula  C^  H^,  0. 

i.  Stroiin.  This  name  was  given  by  Boudet  to  a  fatty  matter 
which  he  discovered  in  the  blood.  It  had  been  more  recently  found 
and  described  by  Lecanu  and  Sanson.  In  order  to  exhibit  it,  blood 
must  be  first  evaporated  to  dryness  on  the  water-bath,  and  the  resi- 
due treated  with  water  as  long  as  any  thing  continues  to  be  taken  up. 
It  must  then  be  dried,  pulverized,  treated  with  boiling  alcohol,  and 
filtered  while  hot.  On  cooling,  the  alcohol  deposits  this  fat  in  floc- 
culi.  It  nrast  be  collected  on  a  filter,  and  washed  with  cold  alcohol. 
Boudet  assigns  the  following  characteristics  to  serolin.  It  forms  flocks 
of  a  fatty  nacerous  appearance,  is  perfectly  neutral,  and  melts  at  97*. 
On  exposing  it  to  a  higher  temperature,  a  portion  is  distilled  un- 
changed, while  another  part  is  decomposed  into  ammoniacal  vapour. 
In  water  it  is  perfectly  insoluble,  in  hot  alcohol  of  *833  it  is  only 
slightly  soluble,  and  separates  on  cooling  into  its  original  flocculent 
am)eanuDce,  since  cold  alcohol  exerts  no  solvent  influence  over  it.  It 
dissolves  readily  in  ether.  It  does  not  form  a  soap  with  caustic  pot- 
irii.  Lecanu  describes  the  serolin  obtained  from  human  serum  as 
a  white,  but  not  nacerous,  substance,  which  melts  at  95^,  is  soluble 
in  ether,  but  not  in  watery  alcohoL 

It  may  be  distinguished  from  other  fats  by  its  insolubility  in  cold 
alcohol;  from  cholesteriui  by  its  lower  point  of  fusion. 

7^ 
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Diagnosis,  The  different  faU  and  fatly  acids  are  distinciiahed  by 
their  fusing  points  and  by  their  varying  degrees  of  solubihty  in  alco- 
hol and  ether. 

LactiCf  OxatiCj  and  Acetic  Acids, 

1.  Lactic  acid  is  regarded  by  most  chemists  as  a  constituent  of 
almost  all  the  fluids  of  we  animal  body. 

The  following  is  the  method  recommended  by  Mitscheriiehy^  for 
the  exhibition  of  pure  lactic  acid.  Sour  whey  must  be  eraporated 
to  about  one  sixth  of  its  volume,  and  filtered;  the  phosphoric  acid 
pitBcipitated  by  lime,  and  any  excess  of  lime  separated  by  oxalic 
acid. 

After  filtration,  the  liquid  must  be  evaporated  to  the  consistence 
of  a  thick  syrup,  and  the  lactic  acid  extracted  with  alcohoL  The  id- 
cdiol  must  be  removed  by  evaporation,  and  the  residue  dissolved  in 
water  mixed  with  carbonate  of  lead.  In  this  manner  a  solution  of 
lactate  of  lead  is  obtained,  which,  after  filtration,  must  be  decompoaed 
by  sulphate  of  zinc  Sulphate  of  lead  is  immediately  precipitated, 
and  lactate  of  zinc  remains  in  the  solution,  which  must  be  filtered 
and  evaporated  to  incipient  crystallization.  In  this  manner  we  obtain 
crystals  of  lactate  of  zinc,  a  salt  only  slightly  soluble  in  cold  water. 
Lactic  acid  may  be  obtained  by  converting  the  lactate  of  zinc  into  a 
lactate  oif  lime  or  baiyta,  carefully  removing  the  base  by  the  addition 
of  sulphuric  acid,  and  cautious  evaporation. 

Pure  lactic  acid  is  a  colourless  liquid,  soluble  in  every  proportion  in 
water  and  alcohol,  of  a  purely  acid  taste,  and  so  strong  and  biting  as 
to  be  almost  insupportable.    Its  formula'  ia 

C.H.O^orC.H.O,+HO. 

At  a  red  heat  lactates  with  fixed  bases  are  converted  into  carbo- 
nates: 100  parts  of  the  carbonates  of  potash  and  soda  correspond  to 
180*9  and  201*1  parts  of  the  respective  lactates  of  those  bases. 

There  is  no  ready  test  b^  which  we  can  detect  the  presence  of 
lactic  add:  it  is  chiefly  distinguished  by  its  nesative  propertieo. 
Rules  for  the  quantitative  determination  of  this  acid  and  its  salts  will 
be  found  in  the  chapters  on  the  dififerent  fluids  in  which  it  occurs;  they 
are  founded  with  various  slight  modifications  on  the  method  that  we 
have  given  for  the  exhibition  of  the  acid. 

2.  Oxalic  acid  is  not  one  of  the  normal  constituents  of  the  animal 
organism ;  it  is,  however,  when  combined  with  lime,  a  very  common 
ingredient  of  morbid  urine,  and  of  urinary  calculi. 

Oxalate  of  litncj  when  obtained  by  the  addition  of  a  soluble  oxa- 
late to  a  salt  of  lime,  occurs  as  a  white  amorphous  powder,  insoluble 
in  water,  alcohol,  oxalic  and  acetic  acids,  but  soluble  in  hydrochloric 
and  nitric  acids  without  effervescence.  It  leaves,  when  heated  to 
incipient  redness,  a  white  residue  of  carbonate  of  lime,  from  which 
the  amount  of  oxalate  may  be  easily  calculated,  for  100  parts  of  car- 

1  Lehibuch  der  CboniB,  1837,  p.  612.  »  Bee  Appendiz  I.  Note  8S. 
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bonate  of  lime  correspond  with  128*9  of  oxalate  of  lime.  After  a 
prolonged  exposure  to  a  higher  temperature,  the  carbonic  acid  is  ex- 
pelledy  and  caustic  lime  remains. 

The  occurrence  of  oxalate  of  lime  in  a  crystalline  state  in  urinary 
sediments  has  been  shown  by  Dr.  G.  Bird,  to  be  much  more  frequent 
than  was  formerly  supposed;  in  fact,  although  the  beautiful  octohedral 
forms  in  which  it  occurs  had  been  noticed  some  years  ago  by  Vigla, 
Donnfe,  and  other  French  obsenrers,  it  was  not  until  the  appearance 
of  Dr.  O.  Bird's  papers  in  the  *  London  Medical  Crazette'  for  1842, 
that  their  chemical  nature  was  fully  established. 

3.  Nettie  acid  has  been  found  by  Tiedemann  and  Gmelin  in  the 
gastric  juice,  by  Thenard  in  the  sweat,  by  Simon  in  the  fluid  of  pem- 
phigus and  in  saliva,  and  is  asserted  by  some  chemists  to  be  a  consti- 
tuent of  urine.  For  its  chemical  characters  we  must  refer  to  any  of 
our  systematic  treatises  on  Chemistry:  it  is  su£Scient  to  notice  the 
means  by  which  it  may  be  reco^is^,  and  its  amount  determined. 
Acetic  aeid  may  be  detected  by  its  peculiar  odour,  which  is  rendered 
more  obrious  by  the  application  of  a  gentle  warmth.  The  presence  of 
an  acetate  msy  be  determined  by  the  addition  of  a  little  sulphuric  acid ; 
the  odoor  of  the  liberated  acetic  acid  is  at  once  rendered  perceptible. 
The  addition  of  perchloride  of  iron  to  free  acetic  acid  produces  hard- 
ly any  TLnUe  chsnge,  but  if  it  be  added  to  a  solution  of  an  acetate,  a 
deep  blood-red  colour  is  produced.  When  acetates  and  free  acetic 
acid  are  mixed  up  with  a  large  quantity  of  other  animal  matters,  the 
best  method  of  proceeding  is  to  separate  the  free  acetic  acid  by  dis- 
tillation. The  residue  must  be  evaporated,  extracted  several  times 
with  alcohol,  alcoholic  residue  mixed  with  a  little  sulphuric  acid, 
and  distilled.  The  first  distillation  gives  the  free  acetic  acid,  the  se- 
cond the  acetic  in  a  state  of  combination.  The  amount  of  acetic  acid 
may  be  determined  by  saturating  the  distilled  fluids  with  potash,  eva- 
porating to  dryness,  and  taking  up  the  acetate  of  potash  with  alco- 
hol, of  -833.  The  acetate  of  potash  obtained  by  tne  evaporation  of 
the  alcoholic  solution  is  frequently  mixed  with  a  little  chloride  of 
sodium,  the  amount  of  which  (if  appreciable)  may  be  determined  by 
nitrate  of  silver. 

At  a  red  heat  the  combinations  of  acetic  acid  with  non-volatile 
bases  are  converted  into  carbonates. 
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09  THX  PBOXUlATfi  AKJlI.T828  07  COMPOUKO  AKIHAL  SUBSTANCES. 

Zoochemical  analyses  are  instituted  for  the  purpose  of  ascertainin|^ 
either  quantitatively  or  qualitatively  the  proximate  or  ultimate  con- 
stituents of  animal  substances.  It  is  requisite  in  physiological  and  pa- 
thological chemistry  that  eaual  attention  should  be  paid  to  both  these 
modes  of  investigation^for  tnere  is  this  great  distinction  between  the 
chemistry  of  inoi^gimic  and  of  organic  bodies,  that  in  the  former  case 
the  determination  of  the  proximate  principles  can  be  inferred  from 
that  of  the  ultimate  constituents,  while  in  the  latter  case  no  such 
rule  holds  good,  and  the  two  species  of  analyses  (the  proximate  and 
the  ultimate)  must  be  conducted  separatelv  and  distinctly.  In  the 
investigation  of  the  variations  in  the  constitution  of  the  blood,  whe- 
ther dependent  during  health  upon  age,  sex,  or  temperament,  or  du- 
ring disease  upon  various  pathologiod  states  of  the  system;  in  the 
determination  of  the  constituents  of  milk,  sweat,  or  pus;  in  the  de- 
tection of  sugar,  urea,  or  bilin,  in  the  various  fluids,  in  which  normal- 
Ig  they  are  absent;  in  these  and  all  similar  cases  ultimate  analysis 
will  avail  us  nothing,  and  we  must  have  recourse  to  tosts  for  the  sub- 
stances themselves,  or  for  some  of  their  proximate  principles.  In- 
vesti{^ons  of  this  nature  will,  moreover,  do  very  litde  for  the  ad- 
vancement of  pathological  or  physiological  knowled^  unless  they 
are  viewed  in  relation  to  a  considerable  number  of  similar  analyses 
conducted  under  precisely  corresponding  circumstances;  for  in  con- 
sequence of  the  necessary  variation  that  is  constantiy  occurring  in 
the  animal  fluids,  each  analysis  can  only  be  regarded  as  the  represen- 
tative of  one  of  innumerable  varieties,  all  of  which  (within  certain 
limits)  are  equally  likely  to  occur.  It  is  by  such  a  course  alone  that 
we  can  hope  to  he  able  to  deduce  important  and  trustworthy  conclu- 
sions regarding  the  state  of  the  animal  fluids  in  health,  and  their  va- 
rious deviations  from  the  normal  standard  in  difierent  states  of 
disease. 

A  large  number  of  perfectly  distinct  substances  enter  into  the  com- 
position of  the  blood  and  urine;  neither  of  these  fluids  can,  however, 


82  PROXIMATE  ANALT8I8  OF 

be  regarded  as  true  chemical  combinationsy  but  as  mixtures  of  manv 
such  combinations,  which  in  their  turn  are  further  subject  to  much 
variation.  The  study  of  these  variations  in  the  blood  and  urine  con- 
stitutes one  of  the  most  important  branches  of  animal  chemistry;  but 
in  consequence  of  the  immense  labour  attendant  upon  a  complete 
analysis  of  these  fluids,  it  becomes  expedient  to  confine  our  attention 
to  their  most  important  constituents,  in  the  same  manner  as  the  minera- 
logist seeks  only  to  determine  the  proportion  of  ore  in  a  given  quan- 
tity of  a  mineral,  or  the  vegetable  analyst  to  ascertain  the  propor- 
tions of  sugar,  gum,  starch,  and  albumen,  while  he  neglects  the  non- 
nutritive  substances,  the  fibre,  acids,  resins,  colouring^  matters,  && 

All  compound  animal  substances  that  can  fall  withm  the  range  of 
our  investigation  must  be  embraced  in  one  of  the  following  classes, 
the  solid,  the  fluid,  or  the  gaseous. 

The  animal  fluids  (to  whicli  we  shall  first  devote  our  attention) 
differ  extremely  in  their  composition,  but  a  general  scheme  may  be 
laid  down  for  Uieir  investigation,  if  we  previouslv  know  that  certain 
substances  are  not  present,  and  therefore  neea  not  be  sought  for. 
Thus,  neither  urea,  uric  acid,  pepsin,  nor  bilin  will  usually  be  sought 
for  in  the  milk  or  in  the  brain,  because  it  is  well  known  that  their 
formation  is  limited  to  certain  organs;  neither  will  hematin,  globu- 
lin, nor  butyrin  be  looked  for  in  the  bile,  nor  fibrin  in  the  sweat  or 
in  the  saliva,  nor  glutin  nor  chondrin  in  any  of  the  normal  fluids. 

The  principle  upon  which  these  investigations  are  conducted  is  de- 
pendent on  certain  questions,  which  are  to  be  answered  by  the  ana- 
lysis. Thus  in  the  analysis  of  the  blood,  the  principal  component 
parts,  the  water,  albumen,  haematin,  globulin  and  fibrin,  are  usually 
determined;  but  if  it  be  requisite  that  the  analysis  should  be  more 
fully  carried  out,  we  must  separate  the  hsematin  from  the  globulin, 
isolate  the  fats,  extractive  matters,  and  salts,  and  determine  their  in- 
dividual proportions.  This  is  the  plan  that  I  have  usually  adopted, 
and  in  some  cases  I  have  added  the  determination  of  sugar,  urea,  and 
hsemaphsin.  The  execution  of  such  a  comparatively  simple  scheme  as 
this  is  a  matter  requiring  considerable  time  and  labour;  and  if  it  were 
required  that  we  should  carry  out  the  analysis  still  further,  and  sepa- 
rate the  various  fats,  the  different  combinations  of  the  fatty  acids,  the 
varieties  of  extractive  matter,  and  finally  the  different  salts,  our  task, 
in  the  present  state  of  our  knowledge,  would  be  one  of  great  diffi- 
culty; and  in  consequence  of  the  minute  proportions  in  which  some 
of  these  substances  exist  in  the  blood,  it  would  be  necessary  for  us  to 
operate  upon  a  much  larger  quantity  of  the  fluid  than  we  are  usually 
able  to  obtain.  This  method  of  investigation  will  probably  in  a  short 
time  be  deemed  insufficient,  for  as  soon  as  we  have  an  accurate 
knowledge  of  the  mode  of  formation  of  the  extractive  matter,  its 
separation  and  determination  will  be  of  the  highest  importance 
in  explaining  many  of  the  phenomena  of  the  metamorphoses  of  the 
blood. 

The  same  is  the  case  with  respect  to  the  urine.    The  formation  of 
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a  perfect  quantitative  analysis  of  this  complicated  fluid  is  an  extreme- 
ly difficult  (if  not  an  impossible)  task,  in  consequence  of  the  facility 
with  which  new  products  are  developed  during  the  progress  of  the 
investigation.  The  course  usually  pursued  has  been,  therefore,  the 
separation  of  those  constituents  which  are  apparently  most  import- 
ant, the  urea,  uric  acid,  salts,  and  extractive  matter;  in  some  cases  the 
estimation  of  sugar  and  albumen  has  been  added.  The  instances  in 
which  the  separation  of  the  extractive  matter  into  its  three  principal 
groups,  and  tne  individual  analysis  of  the  salts,  have  been  undertaken, 
are  still  more  rare. 

It  has  been  already  observed 'that' «  single  isolated  analysis- is  of 
very  little  intrinsic  value,  m  substances  of  so  varying  a  nature  as  the 
blood  or  urine.  The  only  method  by  which  we  can  hope  to  Onroif 
any  li^t  upon  the  leading-  alterations  that  occur  in  these  fluids  is  by 
the  companson  of  the  reauUs  obtamed  from  a  series  of -analyses;- and 
if  we  were  desirous  of  merely  ascertaining*  so  atmple  a  fact  as  the  de- 
termination of  the  patholo^cal.  states  in  which  either  an  excess  or  a 
deficieney  of  fibrin  and  bloKxI-corpuscles  occurs  in  the  Uood,  andthe 
relation  that  exists  between  such  pathological  states  and  such  modifi- 
cations of  the  vital  fluid,  science  would  fe  more  benefited  by  the  in- 
vestiotion,  than  by  the  performance  of  a  few  very  perfect  analyses, 
wfaicA  did  not  tend  to  etueidate  any  particular  point 

The  best  methods  for  the  analysis  of  the  various  animal  substances 
which  are  treated  of  in  this  volume,  will  be  found  in  theii^  proper 
plaeesL  We  will,  however,  dve  a  preliniinary  sketch  of  the  course 
that  should  be  adqiledy  if  a  fluid,  of  whose  nature  we  are  ignorant, 
be  plaeed  in  our  hands  for  analysis. 

Such  a  fluid  may  contain, 

I.  The  nrolem-comtoiations;  fibrin,  albumen,  casein,  globulin.^ 

IL  Pytn.* 

III.  ixiractive  matiers:  water-extract,  spirit-extract,  alcohol- 
extract,  and  their  proximate  constituents. 

IV.  Sugars:  Diabetic  sugar,  and  sugar  of  milk. 

V.  Biliny  with  the  products  of  its  metamorphosis. 

VI.  Urttu 

VII.  The  fata:  olein,  stearin,  margarin,  butyrin,  cholesterin,  and 
serolin. 

VIII.  Colouring  matters:  the  pigments  of  the  blood  and  bile. 

IX.  The  acids  of  the  animal  bocty : 

a.  Fatty  acids. 

fi.  Other  organic  acids. 

y.  Inorganic  acids. 

X.  The  bfises  of  the  animal  body. 

<  CiyildiiD,  cr  tfie  modification  of  eafrin  that  oocim  in  the  ayftalliiie  leni,  is  not  induded 
m  dib  fAautj  met  it  ii  not  known  to  ooenr  in  any  of  the  animal  fluids. 

•  (INfinlnngtriloaddeofprolekifnmatnowbeiegaidedaaatnieixold^  The 

fainoude  of  protein  moat  abo  be  iacliided  in  tiie  aame  ealBgoiy.] 
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Oeneral  physical  analysis. 

1.  If  the  fluid  contain  flocculi  or  coagulated  matters,  they  are  gene- 
rally composed  of  fibrin,  which  by  its  qx>ntaneou8  coaffulation  fre- 
quently includes  other  substances  in  a  state  of  mechamcal  snqpen- 
sion.  The  whole  fluid  will  sometimes  assume  a  gelatinous  Consis- 
tence, as  has  been  observed  in  certain  products  of  exudation;  in  other 
cases  it  presents  an  appearance  of  separation,  one  portion  assuming 
the  form  of  a  cake  or  clot,  whilst  the  remainder  continues  fluid,  as  in 
the  well-known  instance  of  the  blood.  On  placing  these  dots,  fce., 
in  distilled  water,  the  substances  which  are  enclosed  by  the  fibrin 
gradually  separate  themselves  from  it,  as  for  instance  albumen^  Uood- 
corpuscles,  «&,  and  the  fibrin  remains  devoid  of  colour,  yery  small 
in  proportion  to  the  dot  from  which  it  has  been  obtained,  and  form- 
ing  a  membranous,  stringyi  or  flocculent  mass. 

If  the  fluid  has  an  acidreaction,  the  flocculi  may  arise  firom  coacu* 
lated  casdn,  or  caseous  substances.  In  tiiis  ease  distilled  water  has 
no  efiect  on  tliem.  The  existence  of  casein  in  milk  is  universally 
known.  Other  fluids  which  contain  caseous  principles,  ai^  for  in- 
stance, mucus  and  saliva,  usually  maintain  an  dkaline  reaction  for  a 
considerable  period,  and  thus  hold  the  casdn  in  solution.  Pus  has 
usually  a  neutral  reaction,  occasiondly  however  pus  from  the  lungii 
is  acid. 

If  the  flocculi  are  observed  to  be  floating  on  the  surface  of  the 
fluid,  if  they  exhibit  a  frothy  appearance,  or  seem  more  or  less  glo- 
bular, are  of  a  whitish  or  ydlow  colour,  and  ppssessed  of  little  tena- 
city, they  are  composed  of  mucus,  and  the  microscope  will  reveal 
the  presence  of  mucus-granules.  A  tenadous  substance  of  a  yellow 
or  brownish  colour,  and  not  unfirequently  contdning  blood,  is  occa- 
sionally found  to  be  deposited  in  certdn  animd  fluids,  for  instance, 
in  the  urine  during  phthisis  vesicas.  It  is  possessed  of  more  elasti- 
city than  mucus,  and  is  very  probably  composed  partidly  of  flbriny 
although  it  is  usudly  regarded  as  pus. 

2.  If  with  the  dd  of  the  microscope  we  can  detect  blood-corpusoles 
in  the  fluid,  we  may  infer  the  presence  of  globulin  and  haematin.  We 
recognise  the  blood-corpusdes,  and  distinguish  them  from  other 
objects  by  their  discoid  mrm,  and  their  yellow  colour.  When  blood 
is  mixed  with  a  serous  or  watery  fluid,  it  frequently  happens  that  the 
discoid  form  is  no  longer  apparent;  if,  however,  a  solution  of  com- 
mon sdt,  or  of  muriate  of  ammonia  be  added  to  a  portion  of  the 
fluid,  the  characteristic  shape  of  the  blood-corpuscles  will  be  aggin 
rendered  perceptible.  Fluids  in  which  blood-corpuscles  are  found, 
are  always  of  a  reddish  tinge,  and  invariably  contain  dbumen. 

3.  The  microscope  further  enables  us  to  detect  the  following  solid 
forms  in  fluids:  a,  fat-yesicles;  6,  chyle-corpuscles;  e,  mucus-cor- 
puscles; d,  pus-corpusdes;  e,  epidielium-cells;  /^  saliva-corpuscles; 
gf  various  crystdline  forms  of  mlts,  uric  acid,  cholesterin,  &c 

If  the  fluid  be  very  yiscid  and  tenacious,  mucus-corpuscles  are  sure 
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to  be  detected  by  the  microscope:  should  it  yield  an  ammoniacal 
odour  as  if  decomposition  were  going  on,  the  viscidity  may  be  due 
to  the  action  of  the  ammonia  that  has  been  formed. 

4.  If  the  fluid  have  an  acid  reaction,  a  free  acid  must  be  present 
la  most  cases  this  is  lactic,^  occasionally,  however,  acetic  acid.  The 
latter  acid  may  be  recognised  by  the  peculiar  odour  evolved  on  the 
application  of  heat.  It  may  also  be  recognised  (if  the  fluid  be  not 
very  deeply  coloured)  by  the  blood-red  tint  that  is  produced  by  the 
addition  of  the  perchloride  of  iron,  after  the  free  acid  has  been  tho- 
roughly neutralized  by  ammonia.  If  acetic  be  the  only  free  acid,  by 
the  time  the  fluid  has  been  evaporated  nearly  to  dryness,  all  acid  re- 
action will  have  disappeared;  if^  however,  free  lactic  acid  be  present, 
the  residne  which  is  left  after  evaporation,  will  still  have  an  acid  re- 
action. 

If  the  fluid  have  an  alkaline  reaction,  either  a  free  alkali  or  an  al- 
kaline carbonate  must  be  present  Free  ammonia  may  be  recognised 
by  its  peculiar  odour,  and  by  the  vapour  which  is  developed  on  the 
approximation  of  a  glass  rod  moistened  with  hydrochloric  acid. 

5.  If  the  fluid  have  a  sweetish  taste,  it  contains  suffar.  The  sweet- 
ness is,  however,  sometimes  not  perceptible  until  the  fluid  has  been 
evaporated  to  the  consistence  of  a  syrup,  or  even  till  the  syrup  has 
been  treated  with  alcohol  of  *96o,and  the  alcoholic  solution  evaporated. 
When  the  presence  of  suear  is  suspected,  the  various  tests  mentioned 
in  page  64,  more  especially  Trommer's  test,  should  be  applied.  If 
the  fluid  has  a  bitter  taste,  more  or  less  resembling  that  of  bile,  it 
contains  either  bilin  or  the  products  of  its  metamorphosis.  The  indi- 
cations afibrdcd  by  a  well-marked  saline  or  acid  taste  are  sufiiciently 
obvioua. 

6.  If  the  fluid  be  of  a  blood-red  colour,  we  may  conclude  that  hee- 
matin  is  present;  and  if  blood-corpuscles  are  detected  by  the  micro- 
scope, we  have  certain  proof  of  the  existence  of  hsematin,  globulin, 
and  albumen.  Globulin  and  haematin  may,  however,  1)e  occasionally 
present,  when,  even  after  the  addition  of  a  solution  of  salt,  sugar,  or 
iodine,  no  blood-corpuscles  can  be  detected;  in  this  case  the  latter 
are  in  a  state  of  perfect  solution. 

When  the  fluid  is  of  a  dark  brown,  or  blackish-rcd  colour,  haematin 
is  the  colouring  constituent  If  the  fluid  be  of  a  clear  brown  or  yel- 
low colour,  hcemaphseip  is  almost  sure  to  be  the  origin  of  the  tint, 
especially  if  any  taste  of  bile  be  perceptible.  Biliphaein  will  also 
communicate  a  yellow,  brown,  or  greenish-brown  colour;  in  this  case 
there  is  frequently  a  bitter'  taste,  and  on  the  addition  of  nitric  acid, 
there  is  always  a  change  of  colour  into  green  or  blue,  and  yellow. 

1  [The  pKKDoe  of  this  add  in  the  animal  fluids  has  been  recently  disputed  by  Liebig  and 
Eadmag;  there  are,  however,  too  many  diemists  who  assert  that  they  have  delected  it,  to 
lUovr  us  to  R^ard  tbe  question  as  settled  in  the  negative.] , 

8 
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Qualitative  analysis. 

Having  poured  the  fluid  into  proper  test-glasses,  we  cany  on  our 
investigations  in  the  following  manner: 

1.  li^  on  the  addition  of  very  dilute  hydrochloric  acid,  a  precipitate 
be  thrown  down,  we  see  whether  it  will  dissolve  in  an  excess  of  the 
test^  Assuming  that  the  solution  is  effected,  ferrocyanide  of  potas- 
sium is  added;  if  this  test  instantly  throws  down  a  white  or  yellow 
precipitate,  one  or  more  of  the  protein-compounds  (enumerated  in  i) 
are  present 

In  order  to  ascertain  which  of  the  protein-compounds  has  yielded 
these  indications,*  a  portion  of  the  fluid  is  boiled:  if  it  become  tur- 
bid, and  if  the  turbidity  commence  and  be  most  distinct  at  the  sur- 
face, or  if  the  fluid  coagulate,  then  albumen  is  present;  in  this  case 
nitric  acid  and  bichloride  of  mercury  will  throw  down  copious  pre- 
cipitates. If  the  fluid  become  turbid  on  the  application  ot  heat,  and 
the  coagulum  assume  a  red  tint,  then  globulin  and  haematin  are  also 
present,  although  the  microscope  may  have  failed  in  detecting  blood* 
corpuscles:  in  this  case,  however,  the  fluid  is  always  of  a  rather  pink 
or  reddish  tint 

If  the  fluid  does  not  coagulate  on  the  application  of  heat,  casein,  or 
one  of  the  caseous  substances  must  be  present  In  this  case  heat  will 
develop  a  pellicle  on  the  surface,  and  acetic  acid  will  throw  down  a 
precipitate,  which  is  soluble  in  an  excess  of  the  test:  the  acid  must 
therefore  be  added  with  caution. 

It  must  not,  htowever,  be  forgotten,  that  if  much  albuminate  of  soda, 
and  at  the  same  time  no  free  albumen  be  present  in  the  fluid,  no  coa- 
gulation will  occur  on  the  application  of  heat,  but  a  pellicle  wUl  be 
formed  on  the  surface.  This  is,  however,  a  case  of  very  rare  occur- 
rence, and  the  difficulty  may  be  readily  solved  by  the  addition  of 
acetic  acid  which  will  precipitate  casein  but  not  albumen.  If  a  fluid 
which  contains  casein  presents  a  whitish  turbid  appearance  (as  for  in- 
stance, milk,  the  milky  fluid  which  is  found  in  the  breasts  during  the 
later  stages  of  pregnancy,  the  urine  in  certain  pathological  states,  &c) 
the  presence  of  butter,  and  in  most  instances,  of  sugar,  may  be  in- 
ferred. 

If  the  ferrocyanide  of  potassium  does  not  produce  any  turbidity 
in  the  fluid  which  has  been  previously  acidulated  with  dilute  hydro- 
chloric acid,  no  protein-compound  is  present, 

2.  If  the  addition  of  acetic  acid  to  the  fluid  renders  it  turbid,  or 
throws  down  a  precipitate,  which  does  not  redissolve  in  an  excess  of 
the  test,  then  pyin  or  mucin'  is  present     In  this  case,  a  copious  pre- 

i  If  ^oy  dilute  hydrochloric  add  be  empbyod,  the  albumen  wfll  not  be  pracipilated. 
rSee  p.  18.)  I  prefer  hydrochloric  to  aoetk  acid,  because  the  latter  throws  down  pym  with 
me  proteuHsompoands. 

•  Fibrin  is  recognised  by  its  spontaneous  separation,  and  need  not  be  sought  fer  in  the 
manner  indicated  in  the  text 

I  [Mucin  is  the  peculiar  animal  matter  of  mucus;  a  brief  notion  of  its  leading  cfaaracten  is 
given  in  the  cfaiqrter  on  the  **  Secretions  of  Mucous  Membranes."] 
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cipitate,  insoluble  in  an  excess  of  the  test,  is  thrown  down  by  alum. 
In  order  to  show  that  the  precipitate  contains  no  casein,  we  may  dis- 
solve it  in  dilute  hydrochloric  acid,  and  add  ferrocyanide  of  potas- 
sium: no  precipitate  will  be  thrown  down.* 

3.  If  allantoin,  uric  acid,  or  hippuric  acid  are  suspected  to  be  pre- 
sent, a  considerable  quantity  of  the  fluid  must  be  boiled  in  order  to 
coagulate  any  albumen  that  may  be  present,  and  must  then  be  fil- 
tered and  evaporated  to  one  fourth  of  its  original  volume.  Fluids  of 
this  nature  are  generally  of  a  yellowish  colour,  may  be  either  clear 
or  turbid,  and  may  or  may  not  contain  albumen. 

In  the  examination  of  the  allantoic  fluid,  crystals  of  allantoin  are 
gradually  formed,  which,  after  being  purified  by  recrystallization, 
and  dissolved  in  water,  cannot  be  precipitated  by  acetate  of  lead, 
nitrate  of  silver,  or  nitrate  of  the  black  oxide  of  mercury. 

If  the  fluid,  during  evaporation,  gives  ofi*  a  urinous  odour,  some 
hydrochloric  acid  must  be  added,  and  it  must  be  allowed  to  stand 
for  some  time.  If  acicular  crystals  are  formed,  which,  after  being 
purified  by  recrystallization,  and  dissolved  in  water  containing  enough 
alkali  to  neutralize  the  acid  of  the  crystals,  give  a  white  precipitate 
with  the  above-named  tests,  an  orange  with  the  perchloride  of  iron, 
and  when  moistened  with  nitric  acid,  and  warmed,  do  not  assume  a 
purple-red  colour,  they  consist  of  hippuric  acid. 

If,  however,  the  crystals  are  very  minute,  are  not  readily  dissolved 
in  water,  and  give,  when  moistened  with  nitric  acid  and  warmed,  a 
purple-red  stain,  they  are  uric  acid  crystals. 

4.  If  the  fluid  which  we  are  examining  is  of  a  brownish-yellow 
colour,  and  if  on  treating  a  little  of  it  with  an  excess  of  nitric  acid, 
the  colour  successively  changes  to  green,  blue  and  red,  then  biliphaein 
is  present 

5.  On  evaporating  a  portion  of  the  fluid  to  dryness,  pulverizing  it, 
and  boiling  it  with  ether,  we  obtain,  by  the  evaporation  of  the  ethe- 
real solution,  a  fatty  residue.  If  it  be  fluid,  it  is  composed  of  olein, 
if  it  have  a  tendency  to  be  solid,  either  stearin  or  margarin,  or  both 
are  also  present  The  fatty  acids,  and  probably  free  lactic  acid,  with 
traces  of  other  substances  may  be  present,  especially  if  the  ether  con- 
tained any  alcohol  or  water.  These  substances  remain  in  solution, 
on  washing  the  fatty  residue  with  water.  The  lactic  acid  may  be 
easily  recognised  by  its  acid  reaction ;  and  the  fatty  acids  may  be  de- 
tected by  tne  addition  of  acetate  of  lead  or  acetate  of  copper  to  their 
alcoholic  solutions.  They  are  completely  precipitated  in  this  man- 
ner, and  a  residue  of  pure  fat  is  left,  which  must  be  again  washed,  and 
the  water  removed  by  evaporation.  The  fat  must  then  be  saponified ; 
if  a  portion  of  it  resists  this  process,  cholesteriu  or  serolin,  or  both, 
rausjj  constitute  a  portion  of  the  fatty  residue.  They  must  be  taken 
up  by  ether,  after  the  saponified  portion  has  been  evaporated  to  dry- 
ness.    Serolin  is  less  soluble  in  alcohol,  and  melts  at  a  lower  tempe- 

*  As  cbondrin  and  glutin  are  not  constituents  of  any  of  the  animal  fluids,  we  have  deemed 
it  nnneoenaiy  to  notioe  them  in  the  text 
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rature  than  cholesteriD,^  by  which  means  the  two  fats  may  be  distin* 
guished.  The  soaps  which  have  been  formed  must  be  decomposed 
by  hydrochloric  acid.  If,  on  the  addition  of  the  acid,  a  smell  of 
rancid  butter  is  developed,  then  butyric,  and  also  capric  and  caproic 
acids  are  present  The  variations  in  their  melting  points  will  enable 
us  to  determine  approximately  the  proportions  of  oleic,  margaric,  and 
stearic  acids. 

6.  The  residue  not  taken  up  by  ether,  must  be  treated  with  anhy- 
drous alcohol,  which  will  take  up  the  following  substances:  salts  of 
the  fatty  acids,  especially  soda-salts,  as  well  as  any  fat  that  had  escaped 
the  action  of  the  ether,  also  urea,  bilin,  and  the  acids  of  the  bile,  bili- 
verdin,  alcohol-extract^  hsmaphaein,  acetates,  and  lactates,  a  class  of 
substances  which  it  is  by  no  means  easy  to  distinguish,  and  is  still 
more  difficult  to  isolate.  If  a  spirituous  solution  of  chloride  of  barium 
be  added  to  the  alcoholic  solution,  and  a  green  precipitate  is  thrown 
down,  then  biliverdin  is  present;  we  may  also  calculate  with  tolerable 
certainty  (especially  if  the  alcoholic  solution  has  a  bitter,  bilious  taste) 
on  the  presence  of  bilin,  and  the  acids  of  the  bile.  An  alcoholic  so- 
lution of  sulphuric  acid  must  now  be  added  to  the  alcohol-solution 
that  we  are  testing,  as  long  as  any  sulphates  are  precipitated.  The 
solution  must  now  be  filtered,  and  the  alcohol,  which  still  has  an  acid 
reaction  if  any  acetates  are  present,  must  be  removed  by  distillation. 
On  treating  the  residue  with  water,  the  fatty  acids,  if  they  existed  in 
combination  with  saline  bases,  will  remain  undissolved,  and  must  be 
removed  by  filtration.  A  portion  of  this  watery  solution  must  be 
evaporated  to  the  consistence  of  a  syrup,  and  allowed  to  cool;  if,  on 
the  addition  of  an  excess  of  nitric  acid,  there  are  formed,  either  at 
once  or  after  some  time,  leafy  or  stellar  crystalline  groups,  then  urea 
is  present  Another  portion  must  be  treated  with  dilute  sulphuric 
acid,  and  allowed  to  digest  for  some  time.  If  bilin,  and  the  products 
of  its  metamorphosis,  are  present,  a  viscid  or  oily  acid,  (insoluble  in 
the  acid  fluid,)  and  a  precipitate  of  an  extremely  unpleasant  bitter 
taste,  are  formed.  The  fluid  separated  from  these  substances  must 
be  digested  with  pounded  marble,  or  (which  is  better)  with  carbonate 
of  baryta,  in  order  to  remove  the  sulphuric  acid.  It  must  then  be 
boiled  with  carbonate  of  zinc;  if  it  contain  lactic  acid,  crystals  of 
lactate  of  zinc  will  be  obtained  by  evaporation.  The  exUactive  mat- 
ter and  haemaphaein  will  be  left  as  a  residue. 

If  neither  bilin,  biliverdin,  nor  the  acids  of  the  bile  are  present^ 
the  investigation  may  be  much  simplified.  The  soda  may  be  sepa- 
rated from  the  alcoholic  solution  as  a  sulphate ;  we  may  evaporate, 
separate  the  fatty  acids  by  means  of  water,  boil  the  residue  with  car- 
bonate of  zinc,  and  filter  the  solution.  By  this  means  we  can  sepa- 
rate the  lactic  acid.  The  urea  may  be  separated  from  the  alcohol-ex- 
tract by  oxalic  acid,  of  which  any  excess  may  be  removed  by  di- 
gestion with  carbonate  of  lead. 

We  may  be  easily  convinced  of  the  presence  of  the  alcohol-extract 

1  [Serdin  melts  at  95^,  cfaolesterin  at  about  275o.] 
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by  observing  the  precipitates  which  are  thrown  down  by  the  addi- 
tion of  infusion  of  galls  and  a  solution  of  iodine. 

The  bases  which  were  present  in  the  alcoholic  solution  in  com- 
bination with  acids,  are  now  combined  with  sulphuric  acid.  They 
usually  are  soda  and  potash. 

7.  The  residue  of  (6,)  which  was  not  taken  up  by  absolute  alco- 
hol, must  now  be  treated  with  alcohol  of  *8S3,  which  will  take  up 
sugar  of  milk,  diabetic  sugar,  spirit-extract  (which  is  usually  of  a 
brown  colour  in  consequence  of  the  presence  of  haemaphsein,)  chlo- 
ride of  sodium,  phosphates,  and  probably  lactates.  If  the  quantity  of 
sugar  (of  either  of  the  above  kinds)  is  not  very  minute,  a  portion  of 
it  will  usually  crystallize  either  on  the  cooling  of  the  spirituous  so- 
lution or  by  spontaneous  evaporation.  The  presence  of  the  sugar 
may,  however,  be  easily  recognised  by  the  sweet  taste  of  the  spirit- 
uous solution  after  evaporation.  If  the  solution  be  evaporated  to  the 
consistence  of  an  'extract,  and  then  treated  with  cold  alcohol  of  '850, 
the  greater  part  of  the  sugar  will  remain  undissolved,  while  most  of 
the  ex:tractive  matter  will  be  taken  up.  The  presence  of  the  extrac- 
tive matter  may  be  determined  partly  by  the  brown  colour  of  the  spi- 
rituous solution,  and  more  decidedly  by  the  precipitates  which  are 
caused  by  the  addition  of  bichloride  of  mercury,  acetate  of  copper, 
and  tannin.  The  spirit-extract  usually  evolves  during  evaporation  a 
peculiar  odour,  somewhat  resembling  that  of  toasted  bread.  On  eva- 
porating a  portion  of  the  spirituous  solution  to  dryness,  and  incine- 
rating Uie  residue,  the  ash  will  be  found  to  consist  of  chloride  of 
sodium,  phosphates,  and  (if  any  lactates  are  present)  carbonates  of 
potash  and  soda.     These  may  be  separated  in  the  ordinary  manner. 

8.  The  residue  not  acted  on  by  alcohol  of  '850  must  be  dissolved 
in  water,  in  which,  if  no  protein-compounds  are  present,  it  will  dis- 
solve without  leaving  a  residue,  although  the  solution  may  not  be 
clear.  In  this  solution  there  will  be  contained  pyin,  ptyalin,  water- 
extract,  phosphates,  and  perhaps  some  chloride  of  sodium.  The  pyin 
is  recognised  by  the  precipitate  afforded  by  acetic  acid.  The  ptyalin, 
when  it  is  present  only  in  small  quantities, and  is  mixed  with  extractive 
matter,  is  not  easily  detected ;  the  only  course  we  can  adopt  is  to  pre- 
cipitate the  whole, of  the  extractive  matter  of  the  water-extract  with 
the  basic  acetate  of  lead.  A  stream  of  sulphuretted  hydrogen  must 
then  be  passed  through  the  fluid  in  order  to  precipitate  the  lead. 
The  liquid,  after  filtration  or  decantation,  must  be  evaporated  to  the 
consistence  of  a  syrup,  and  the  ptyalin  precipitated  by  alcohol. 

I  may  here  remark  that,  in  pursuing  the  directions  laid  down  in 
(7,)  we  do  not  succeed  in  obtaining  all  the  spirit-extract  that  exists 
in  the  residue  of  (6.)  Hence  in  practice  it  is  better  to  dissolve  the 
residue  of  (6)  in  a  little  water,  so  as  to  reduce  it  to  the  consistence 
of  a  syrup,  and  then  to  precipitate  with  alcohol  of  '833.  The  salts 
may  be  obtained  by  incinerating  a  portion  of  the  evaporated  fluid. 

In  the  last  six  paragraphs  we  have  assumed  that  no  protein-com- 
pounds are  present.     If,  however,  this  should  not  be  the  case, — if 
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some  of  the  constituents  of  the  blood,  as,  for  insttnce,  globulin  or 
haematin,  exist  in  the  fluid,  a  different  course  roust  be  pursued.  The 
presence  of  globulin  and  haematin,  and,  consequently,  of  albumen^ 
may  be  easily  ascertained.  The  fluid  must  be  boilcKl,  evaporated 
on  the  water-bath  to  dryness,  and  the  residue  reduced  to  a  fine 
powder.  The  fat  must  be  taken  up  with  ether,  and  the  urea, 
alcohol-extract,  bilin,  with  its  acids,  and  any  haemaphaein  and  lac- 
tates that  may  be  present,  with  anhydrous  alcohol.  The  residue 
must  be  boiled  in  spirit  of  '915  until  it  ceases  to  communicate  any 
additional  red  colouring  matter  to  that  fluid.  In  this  way  we  shall 
obtain  the  globulin,  haematin,  hasmaphaein,  sugar,  extractive  matters, 
and  several  salts,  in  a  state  of  solution.  The  greater  portion  of  the 
globulin  and  haematin  is  thrown  down  as  the  fluid  coob ;  the  turbid 
supernatant  fluid  is  then  evaporated  on  the  water-bath  to  a  small  re- 
sidue, and  treated  with  alcohol,  which  precipitates  the  remaining 
portion  of  those  two  constituents.  Other  substances  are  contained  in 
the  spirituous  solution,  which  may  be  distinguished  and  separated  by 
the  rules  already  given. 

The  residue  not  taken  up  by  the  alcohol  of  *915  roust  be  treated 
for  some  time  with  water,  by  which  pyin,  ptyalin,  and  water-extract 
will  be  taken  up.  The  albumen  remains  as  a  residue,  usually  more 
or  less  reddened  by  a  little  haematin. 

If  the  fluid  be  very  rich  in  albumen,  this  course  does  not  succeed, 
inasmuch  as  we  are  unable  to  obtain  a  complete  separation  of  those 
substances  which  are  soluble  in  dilute  alcohol,  as  sugar,  urea,  salts, 
and  extractive  matters.  The  following  simple  modification  may  in 
that  case  be  adopted.  The  protein-compounds  must  be  precipitated 
by  anhydrous  alcohol  A  spirituous  solution  is  thus  obtained,  which, 
even  when  concentrated,  holds  the  urea,  suear,  &c.,  in  solution,  while 
the  protein-compounds  (at  least  the  albumen)  are  reduced  to  an  in- 
soluble condition.  The  coagulated  protein-compounds  are  always 
mixed  up  with  a  certain  amount  of  foreign  matters,  as,  for  instance, 
water-extract,  which  cannot  be  easily  separated.  After  the  removal 
of  the  albumen,  &c.,  the  spirituous  solution  must  be  evaporated  to 
the  consistence  of  a  syrup.  On  the  addition  of  anhydrous  alcohol, 
sugar,  spirit-extract,  any  albumen  that  had  escaped  Uie  former  pro- 
cess, and  some  other  substances,  will  be  precipitated.  The  alcoholic 
solution  must  be  evaporated,  and  the  residue  dissolved  in  water,  by 
which  means  the  fat  will  separate  itself.  The  fat  is,  however,  difiB- 
cult  to  remove,  in  consequence  of  the  slow  and  torpid  manner  in 
which  the  fluid  permeates  the  filter.  It  is  better,  therefore,  to  eva- 
porate the  alcoholic  solution,  at  a  very  gentle  temperature,  to  dry- 
ness, and  then  to  take  up  the  fat  with  pure  ether. 

In  searching  for  minute  quantities  of  urea  in  alcoholic  solutions 
of  concentrated  animal  fluids,  it  frequently  happens  that,  after  eva- 
poration of  the  alcohol,  the  removal  of  the  fat,  and  the  solution  of  the 
residue  in  water,  the  action  of  nitric  acid  on  the  urea  is  much  im- 
peded by  the  presence  of  compounds  of  the  fatty  acids.     I  therefore 
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usually  remove  the  bases  from  the  alcoholic  solution  by  means  of 
sulphuric  acid|  which  liberates  the  fatty  acids,  and  allows  of  their 
removal  with  the  fat  by  means  of  ether.  The  sulphuric  acid  should 
be  much  diluted  with  strong  alcohol;  and  as  it  is  of  importance  that 
there  be  no  excess  of  the  acid,  it  must  be  added  guUatim,  and  only  so 
long  as  it  produces  a  precipitate,  which  sometimes  is  not  observed 
for  several  hours  after  the  addition  of  the  acid.  The  effect  of  the 
sulphuric  acid  should  first  be  tried  on  a  small  portion  of  the  fluid. 

If  it  is  difficult  to  lay  down  general  rules  for  the  qualitative  analy- 
sis of  all  the  proximate  constituents  that  can  by  any  possibility  occur 
in  the  fluids  of  the  animal  body  it  may  easily  be  conceived  that  an 
attempt  to  lay  down  similar  rules  for  quantitative  analysis  would 
jQVolve  much  greater  difficulties.  Such  a  general  quantitative  scheme 
is,  however,  not  required,  since  quantitative  analyses  are  always  pre* 
ceded  by,  and  based  on,  qualitative  investigations.  The  fluids  most 
troublesome  to  analyze  are  the  blood  and  the  urine  on  account  of 
the  large  number  of  different  substances  that  always  occur  in  them. 
The  rules  for  the  quantitative  analysis  of  the  various  flui3s  will 
be  found  in  the  respective  chapters  on  the  blood,  milk,  urine,  &c. 


CHAPTER  II. 

TH£  CIRCULATING  FLUIDS. 

The  Blood. 

The  following  scheme  will  explain  the  arrangement  which  we 
have  adopted  for  the  general  consideration  of  the  blood. 

1.  Tke  General  Physiological  Chemistry  of  the  Blood. 

Its  general  physiological  and  chemical  relations;  the  development 
of  the  blood-corpuscles;  the  phenomena  of  circulation  and  respiration: 
the  metamorphosis  of  the  blood,  and  animal  heat. 

2.  The  Special  Chemistry  of  the  Blood. 

The  method  of  analyzing  the  blood. 
Healthy  blood. 
Diseased  blood. 

1.  The  general  physiological  chemistry  of  the  blood. 

General  physical  relations  of  the  blood. 

The  blood,  while  moving  in  the  living  body,  consists  principally 
of  a  nearly  colourless  fluid,  in  which  the  blood-corpuscles  are  swim- 
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ming;  in  consequence^  however,  of  these  corpuscles  being  too  minute 
to  be  distinguished  by  the  naked  eye,  it  appears,  among  the  higher 
classes  of  animals,  as  an  opake  and  intensely  red  fluid. 

In  the  majority  of  the  lower  (invertebrate)  animals,  the  blood  is 
white;  it  is  however  red  in  the  annelida,  colourless  in  most  of  the 
moUusca,  but  in  many  of  the  snails  of  a  milk-white  colour;  in  the 
Helix  pomatia  of  a  sky-blue,  and  in  the  Planorbis  corneus,  of  a  dark 
amethyst  colour.  In  the  dorsal  vessels  of  insects  it  is  usually  trans- 
parent, and  of  different  colours;  it  is,  for  instance,  green  in  the  Or- 
thoptera,  yellow  in  the  silkworm,  orange  in  the  caterpillar  of  the 
willow-moth,  and  of  a  dark  brown  colour  in  most  of  the  beetles.^ 
The  blood-corpuscles  of  red  blood  contain  within  their  coat,  or  shell, 
a  fluid  impregnated  with  globulin  and  haematin,  and  a  nucleus,  which 
may  be  easily  recognised  in  the  larger  corpuscles. 

The  blood  of  the  mammalia  is  a  somewhat  thick,  viscid  fluid,  with 
a  specific  gravity  which  varies,  according  to  different  authors,  from 
1041  to  1082.  In  a  large  number  of  experiments  made  upon  the 
blood  of  man,  the  ox,  and  the  horse,  I  found  it  to  be  between  1051 
and  1058.  The  average  was  1042,  which  corresponds  very  nearly 
with  the  statement  of  Berzelius. 

[The  average  specific  gravity  of  human  blood  may  be  fixed  at 
1055  according  to  Nasse,'  and  at  1056  according  to  Zimmermann.' 
The  blood  of  man  is  always  thicker,  and  at  least  one  thousandth 
heavier  than  that  of  woman ;  in  a  state  of  health  it  is  always  above 
1053  in  man,  while  in  woman  it  is  frequently  not  above  1050.  Ro- 
bust men  will  not  unfrequently  yield  blood  of  spec.  grav.  1058  or 
even  1059,  while  in  pregnant  women  the  specific  gravity  is  sometimes 
as  low  as  1045.  In  very  young  infants  the  blood  is  thin,  and  of  low 
specific  gravity;  according  to  Denis  the  blood  of  the  umbilical  arteries 
has  a  specific  gravity  of  1075.  The  specific  gravity  of  the  blood  of 
numerous  animals  has  been  determined  by  Dr.  J.  Davy*  and  by 
Nasse.] 

1^  I  found  that  the  blood,  as  it  issues  from  the  aorta,  has  a  tempera- 
ture of  103®  in  the  ox,  and  99®.5  in  the  pig.  Thackray  places  the 
temperature  of  the  blood  of  the  horse  at  9^.8,  of  the  ox  at  99®.5,  of 
the  sheqp  at  101®.3,  and  of  the  duck  at  105®.8.  The  temperature  is 
always  higher  in  birds  than  in  the  mammalia.  The  observations  of 
J.  Davy,  Becquerel,  Breschet,  Mayer,  and  Saissy,  tend  to  show  that 
the  temperature  of  arterial  is  about  l®-8  higher  than  that  of  venous 
blood. 

1  Microscopic  analysis  of  the  blood. 

If  the  blood  be  examined  with  the  microscope  (either  in  a  trans- 
parent living  part,  or  immediately  after  its  removal  from  the  body, 

i  fiordadi'fl  Phyaiologie. 

3  Article  •  Blut/ in  Wagner's  Handworteibuch,  vol.  1,  p.  82. 

>  Huieland'8  Joanial,  1843. 

\ Anatomical  and  Phyaiologkal  Researches,  p.  24. 
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it  will  be  seen  to  consist  of  a  great  number  of  yellow  corpuscles) 
swimming  in  a  colourless  fluid.  In  the  higher  animals  the  form  of 
these  corpuscles  is  either  circular  or  ellipticy  and  invariably  flattened. 

Under  a  magnifying  power  of  300  diameters,  they  assume  the  ap- 
pearance of  fig.  la  in  the  blood  of  man  and  the  mammalia,  of  fig.  16 
in  the  blood  of  birds,  and  of  fig.  Ic  in  the  blood  of  fishes  and  amphi- 
bia. Miiller*  found  the  greatest  degree  of  flattening  in  reptiles,  am- 
phibia, and  fishes.  He  found  that  in  frogs  the  thickness  does  not 
measure  more  than  one  eighth  to  one  tenth  of  the  lone  diameter,  and 
that  in  man  it  measures  about  one  fourth  or  one  fifth  of  the  transverse 
diameter. 

In  addition  to  the  blood-corpuscles,  lymph-,  chyle-,  and  some- 
times oil-globules  are  present  The  first  two  are  round,  of  a  finely 
granular  appearance,  and  about  the  size  of  the  blood-corpuscles,  from 
which  they  may  be  distinguished  by  their  want  of  colour,  their  more 
perfect  sphericity,  and  their  granular  appearance.  ' 

These  distinctions  are  sufiicient  to  prevent  them  from  being  mis- 
taken for  blood-globules.  Globules  of  oil  may  be  immediately  re- 
cognised by  their  well-defined  dark  edge,  and  by  their  great  refrac- 
tive power.  They  do  not  rotate,  and  are  not  granular,  but  perfectly 
transparent 

The  size  of  the  blood-corpuscles  varies  in  difierent  animals. 

In  man,  the  diameter  varies,  according  to  Wagner,'  from  -0004  to 
•0002  of  a  French  inch;  according  to  Miiller,^  from  -00035  to  -00053, 
and  according  to  Schultz,*  from  -00036  to  -00031.  The  thickness, 
according  to  the  last  observer,  may  be  estimated  at  -000085  of  the 
same  measure.  Of  all  the  mammalia,  the  ruminants  seem  to  possess 
the  smallest  blood-globules.  Wagner  has  given  the  following  pro- 
portions: 

In  man  and  monkeys  ^^^  of  a  line  =  3. 
Camivora.  .    ^^^  of  a  line  =  4. 

Ruminantia         .    ^^^  of  a  line  =b  5. 

In  addition  to  these  admeasurements,  the  following  are  deserving 
of  notice:  Nasse  fixed  their  average  diameter  at  '00033,  the  maxima 
and  minima  being  -00036  and  -0003;  Bowerbank  places  their  ave- 
rage diameter  at  from  -00035  to  00027,  the  extreme  limits  being 
•00054  and  -00021  respectively;  Owen  at  00028;  and  Gulliver  at 
•0003  of  an  inch. 

The  dimensions  of  the  blood-corpuscles  in  the  following  animals 
have  been  measured: 

Ape  (Simia  callitrix)  -00037*  (Prevost  and  Dumas.) 

Cat  -00028;  dog  -00031  (Schultz;)  rat  and  mouse  about  -00025 
(Wagner.) 

'  Handbodi  der  Phyaiologie  des  Menadicn,  vol  1,  p.  105. 
9  Nachtragc  zur  PhvgiQlogie  des  Blutes,  USSQ,  p.  5. 
3  Phynologie  dcs  Mcnflcbeii,  vol  J ,  pw  106. 
^  Syitem  der  Cirkuhtiony  p.  II. 
^  fjench  inches. 
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Sheep  -0002  (Schultz  and  Wagnen)  o^  "^^^^^  (Schultz)  and  -00024 
(Wagner;)  goat  -00017;  chamois  <X)02  (PrevosI  and  Dumas;)  horse 
•00031 — -00027  (Schultz.)  According  to  Wagner,  the  diameter  in 
rats,  mice,  hares,  and  squirrels,  varies  from  -00025  to  -00020. 

Tlie  blood-corpuscles  of  birds,  fishes,  and  amphibia  are  ellipticaL 

The  following  are  the  results  of  some  of  the  best  authenticated 
measurements: 

Common  fowl:  length  -00062;  breadth  -00036;  thickness  -00013 
(Schultz  )  According  to  Dumas  and  Prevost,  the  long  diameter  in 
the  pigeon,  duck,  and  goose,  varies  from  -0008  to  -00044;  the  short 
diameter  from  -0004  to  -00029.  Wagner  estimates  the  two  diame- 
ters, in  the  pigeon,  at  -0008  and  -00033  respectively. 

We  find  the  largest  blood-corpuscles  in  fishes.  Accordine  to 
Wagner*  the  largest  corpuscles,  at  present  observed,  are  those  of  the 
torpedo,  their  long  diameter  being  -002 ;  in  the  skate  he  found  them 
to  vary  from  -001  to  -0012  in  length;  in  the  loach  the  long  diameter 
was  -0005;  in  the  eel-pout,  -00057;  in  the  barbel  -00066,  the  short 
diameter  in  this  case  being  -0004. 

In  the  carp  the  long  diameter  is  -0005,  and  the  nucleus  measures 
•00012. 

In  the  plaice,  Schultz  estimated  the  long  and  short  diameters  at 
•00062,  and  -00043  respectively,  and  the  thickness  at  -00007. 

In  the  naked  amphibia  the  corpuscles  are  very  large.  In  the  tri- 
ton,  Dumas  and  Prevost  estimated  the  diameters  at  -00128  and 
•00078  respectively.  In  the  Salamandra  cristata,  Schultz  found  that 
the  diameters  were  -00138  and  -000804  and  that  the  thickness  was 
000315.  In  the  frog,  the  same  observer  estimated  the  length, 
breadth,  and  thickness  at  -00108,  and  -00058,  and  -000017. 

Of  all  the  amphibia,  the  water-snakes  appear  to  possess  the  small- 
est blood-corpuscles.* 

The  instantaneous  efiect  of  water  upon  the  blood-corpuscles  is  very 
remarkable,  and  is  easily  seen  under  the  microscope;  they  swell,  be- 
come globular,  lose  their  distinct  contour,  and  (if  much  water  be 
added,)  altogether  disappear.  If  however  the  blood-corpuscles  have 
nuclei  of  sufficient  magnitude  to  admit  of  examination  (as  in  the  blood 
of  fishes,  reptiles,  &c.,)  these  nuclei  will  be  seen  swimming  in  the 
water  after  the  disappearance  of  the  capsules. 

The  nuclei  may  be  separated  in  a  similar  manner,  by  the  addition 
of  a  little  acetic  acid.  The  acid  in  a  few  minutes  dissolves  the  hae- 
mato-globulin,  and  assumes  a  yellow  colour. 

If,  upon  the  addition  of  water,  the  blood-corpuscles  have  swelled 
to  such  a  degree  as  to  be  imperceptible  under  the  microscope,  they 
may  be  restored  to  their  pristine  form  by  the  addition  of  a  solution 

>  Zur  vcr^ichenden  Phyadogie  des  Blutes,  1833,  p.  14.  [The  laiigert  blood-corpasdes 
do  not  occur  in  fithes,  as  stated  in  the  text,  bat  in  nnie  of  the  naked  amphibia.  See  War- 
ner*! Phynology,  p.  236,  En^iah  edition.] 

»  A  very  complete  account  of  the  siaes  of  the  blood-coipoaciea  of  diflerent  animaJa,  as  &r  aa 
tficy  hail  been  then  ascertained,  may  be  finmd  in  Wagner^s  Naditrage  zur  Phyfliologie  dea 
Blutes,  18;^J,  p.31. 
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of  sugar,  of  common  salt,  of  nitrate  of  potash,  or  of  muriate  of  am- 
monia. Schultz^  explains  this  phenomenon  by  the  supposition  that 
the  capsule  of  the  blood-corpuscle  is  an  organic  structure,  which  is 
stimulated  to  contraction  by  the  above  solutions,  but  which  is  relaxed 
or  expanded  by  water.  In  confirmation  of  this  view,  he  observes  that 
the  haemato-globulin  is  not  precipitated  by  the  action  of  the  sugar  or 
salts.  Schultz  has  also  shown  that  when  the  capsules  have  even 
fallen  to  pieces  in  the  water,  the  addition  of  a  little  tincture  of  iodine, 
diluted  with  water,  will  render  their  fragments  visible. 

The  blood-corpuscles  do  not  always  present  a  regular  nummular 
and  flattened  appearance;  they  are  sometimes  plicated  and  bent  in. 

The  cause  of  this  phenomenon  is  not  known,  but  it  is  probably 
due  to  a  contraction  of  the  capsule  at  different  points.  One  of  the 
most  peculiar  of  these  forms  is  that  in  which  the  edge  of  the  blood- 
corpuscle  appears  as  if  it  were  studded  with  minute  pearls.  In  the 
blood  of  a  patient  suffering  from  firight's  disease,  I  found  that  near- 
ly all  the  corpuscles  had  undergone  this  modification.  On  the  ad- 
dition of  a  solution  of  muriate  of  ammonia,  the  appearance  it  pre- 
sented under  the  microscope  was  very  striking.  I  immediately  made 
a  counter-experiment  with  my  own  blood,  but  it  did  not  exhibit  the 
phenomenon  in  question. 

Ascherson*  has  offered  the  following  explanation  of  this  peculiarity 
in  the  form  of  the  corpuscle,  viz.,  that  it  is  due  to  the  exudation  of 
fat  which  exists  in  a  fluid  state  in  the  blood-corpuscle. 

In  opposition  to  this  view,  it  may  be  urged,  that  if  each  indivi- 
dual corpuscle  contained  a  separable  portion  of  bt  (however  minute  it 
might  be,)  we  should  obtain  in  our  analyses  a  much  larger  quantity 
of  fat  than  in  reality  we  do.  It  is  true  that  tlie  dried  clot  yields  a 
larger  proportion  of  fat  than  an  equal  weight  of  serum,  but  the  diffe- 
rence is  by  no  means  so  striking  as  it  would  have  been  if  Ascherson's 
theory  were  correct 

Hunefeld^  has  observed  a  similar  appearance  on  treating  the  blood- 
corpuscles  of  the  frog  with  putrid  serum,  in  which  granules  were 
present.  The  granules  seemed  to  form  a  sort  of  girdle  round  the 
corpuscle,  and  he  conceives  that  they  penetrated  into  minute  depres- 
sions upon  the  surface  of  the  capsule.  If  this  statement  be  correct, 
it  is  strongly  opposed  to  the  observations  of  Ascherson  and  Wag- 
ner respecting  the  lubricity  and  evenness  of  the  blood-corpuscles. 

On  mixing  the  blood  of  a  carp  with  a  solution  of  sugar,  and  on 
the  cautious  addition  of  water,  I  observed  that  the  blood-corpuscles 
assumed  a  stellar  appearance. 

On  treating  frog's  blood  with  bilin,  an  agent  which  usually  dis- 
solves the  corpuscles,  I  observed  that  some  of  them  resisted  this  ac- 
tion for  a  considerable  period,  and  ultimately  assumed  a  pyriform 

t  Ueber  die  feiienimte  and  geiteigerte  Auflosong  der  Teibraochlen  BhUblaBclieiL  Hafe- 
land'i  JouiMl,  Aprfl,  l&!^,  p.  18. 

•  MoBei^f  ArehiT.  1840.    Ueber  die  Bedeutung  der  FeCtotofie. 
t  ]>er  Chemkoxni  in  dcr  thieriadien  Organieation,  p.  101 . 
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appearance,  while  others  became  narrowed  at  the  centre,  and  ex- 
tended at  both  extremities.  Others,  again,  seemed  to  undergo  an 
internal  change,  and  appeared  as  if  their  inner  surfiaoe  were  studded 
with  minute  vesicles. 

Hunefeld  made  a  similar  observation  on  treating  frog's  blood  with 
carbonate  of  ammonia.^ 

The  same  chemist  observed  a  remarkable  peculiarity  in  the  cor- 
puscles of  human  blood,  on  the  addition  of  sulphate  of  quinine.  In 
the  course  of  a  few  minutes  they  assumed  an  irregular,  angular  form, 
and  appeared  as  if  their  sides  were  drawn  together. 

Schultz'  has  made  the  following  important  microscopic  observa- 
tion. On  examining  the  blood-corpuscles  of  a  salamander  which 
had  been  suffocated  in  carbonic  acid  gas,  they  were  found  to  be  of  a 
darker  colour  than  usual;  the  darkness  was  particularly  marked  on 
some  spots,  so  that  they  exhibited  a  sort  of  chequered  appear- 
ance. # 

On  shaking  the  blood  with  oxygen  gas,  the  corpuscles  became 
brighter  and  more  transparent 

▲.  The  general  chemical  relations  of  the  blood. 

The  general  chemical  relations  of  the  blood-corpuscles. 

Miiller  and  Schultz  have  examined  the  action  of  various  tests  on 
the  blood-corpuscles.  Hiinefeld^  has  also  recently  paid  much  atten- 
tion to  the  apparent  effect  produced  on  them  by  numerous  medicinal 
agents.  According  to  the  last-named  author,  the  corpuscles  and  their 
nuclei  are  soluble  in  the  following  substances:  caustic^ammonia,  pot- 
ash, soda,  lime,  and  baryta,  soap,  bile,  acetic  acid,  hydrocyanic  aeid, 
alcohol,  ether,  oil  of  turpentine,  ethereal  oil,  and  sulphuret  of  carbon. 

The  capsules,  but  not  the  nuclei,  are  soluble  in  water,  in  all  the 
salts  of  ammonia,  the  carbonates  of  potash  and  soda,  cyanate  of  pot- 
^ash,  borax,  chloride  of  barium,  chloride  of  calcium,  the  salts  of  oxalic 
and  hydrochloric  acids,  concentrated  vinegar,  and  the  phosphoric, 
arsenic,  oxalic,  citric,  and  hydrochloric  acids. 

Phosphorus,  chlorine,  and  iodine  produce  a  similar  effect,  probably 
by  the  formation  of  an  acid. 

An  imperfect  solution  is  effected  by  flowers  of  sulphur,  tartrate  of 
ammonia,  borate  of  ammonia,  bromide  of  potassium,  and  malic  acid. 

The  corpuscles  are  not  dissolved  by  carbonate  of  magnesia,  vera* 
trine,  str^'^chnine,  acetate  of  morphine,  hydrochlorate  of  coneine, 
boracic  acid,  carbonic  acid,  nitrate  of  potash,  nitrate  of  soda,  tartrate 
of  soda,  phosphate  of  soda,  chloride  of  sodium,  sugar,  gum,  sulphate 
of  potash,  sulphate  of  magnesia,  sulphate  of  soda,  tartar  emetic,  cam- 
phor, anemonine. 

Hiinefeld  also  tried  the  effects  of  several  of  the  animal  fluids  on 
the  blood.     Saliva,  phthisical  sputa,  and  healthy  pus  produced  no 

iL.c.,n.106.  •  Syatem  der  Ciikulation,  p.  27. 

>  Uer  Cbenumm^  u.  s.  w.,  p.  43-84. 
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well-marked  changes.  Gastric  juice^  added  to  an  excess  of  blood, 
induced  a  slight  coagulation,  and  changed  the  red  colour  into  a  brown. 
The  extractive  matter  of  the  flesh  of  rabbits  and  calves  produced  no 
change  on  the  corpuscles,  but  the  colour  assumed  a  more  vermilion 
tint,  and  the  corpuscles  sank  sooner  than  usual.  Acid  whey,  con- 
centrated by  evaporation,  produced  no  effect,  neither  did  the  pan- 
creatic juice  or  gonorrhceal  discharge.  Sweat,  taken  from  the  axilla, 
changed  the  colour  to  a  lighter  red,  and,  in  the  course  of  some  hours, 
dissolved  the  corpuscles,  (possibly  through  the  influence  of  the  am- 
moniacal  salts.) 

Pure  urea,  prepared  artificially,  induced  no  change  in  the  colour, 
but  dissolved  the  corpuscles,  with  the  exception  of  the  nuclei  and  a 
few  fragments  of  the  capsules. 

The  action  of  putrid  blood  and  serum  has  been  already  noticed. 

Human  blood  does  not  appear  to  be  influenced  by  admixture  with 
the  blood  of  birds  or  frogs. 

The  bile  of  man,  quadrupeds,  birds,  fishes,  and  amphibia,  exerts 
an  active  soluble  influence  upon  the  corpuscles.  In  some  observa- 
tions on  frog's  blood,  Hiinefeld  noticed  that  the  capsules  were  im- 
mediately dissolved,  and  that  the  nuclei  remained  unchanged  for 
aome  time,  but  ultimately  broke  up  into  minute  granules  and  disap- 
peared. 

The  effects  produced  by  coneia  appear,  from  Hiincfeld^s  observa- 
tion, to  be  very  singular. 

Coneine,  either  in  a  state  of  solution  or  vapour,  reduces  the  blood 
to  a  dirty  red  greasy  mass,  which,  under  the  microscope,  resembles 
dark  melted  wax,  and  in  which  no  corpuscles  can  be  detected.  If 
diluted  blood  be  treated  with  a  little  coneine,  it  remains  fluid,  but, 
after  a  short  time,  becomes  discoloured,  and  throws  down  a  brown 
sediment  The  blood  of  a  rabbit,  poisoned  with  coneine,  exhibited 
no  peculiarity. 

Arsenic  acid  produces  no  material  effect  upon  the  blood,  nor  could 
Hiinefeld  detect  any  alteration  in  the  corpuscles  of  a  frog  destroyed 
by  this  agent 

On  passing  hydrocyanic  acid,  in  a  state  of  vapour,  into  the  blood 
of  a  pig,  the  colour  became  more  vivid,  and  the  corpuscles  remained 
uninjured  for  a  very  considerable  time.  A  large  quantity  of  blood, 
which  was  treated  in  a  similar  manner,  eave  off  a  strong  odour  of  the 
acid  after  the  lapse  of  a  year  and  a  half,  and  did  not  exhibit  any 
symptoms  of  putrefaction.  No  change  could  be  observed  in  the 
blood  of  a  rabbit  poisoned  with  this  agent 

Chlorate  of  potash  docs  not  produce  any  apparent  effect  for  the 
first  few  minutes;  subsequently,  however,  the  blood  assumes  a 
brighter  red  tint,  which  ultimately  passes  into  a  brown.  An  ounce 
of  fresh  human  blood  was  mixed  with  eight  grains  of  chlorate  of  pot- 
ash. Just  at  first  the  colour  became  rather  brighter,  but,  after  the 
lapse  of  from  fifteen  minutes  to  an  hour,  it  became  darker  than  it 
previously  was.  It  then  became  of  a  reddish  brown  colour,  and 
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after  from  eight  to  sixteen  hours,  it  was  converted  into  a  pulpy 
brownish-black  matter.  The  blood  of  a  cat  which  had  taken  a 
drachm  of  this  salt,  and  had  afterwards  been  killed  with  cyanogen, 
exhibited  no  peculiar  appearance. 

Hiinefeld,  and  some  other  microscopists,  assert  that  acetic  acid 
dissolves  the  whole  of  the  corpuscle,  with  the  exception  of  the  nu- 
cleus. Miiller,  on  the  contrary,  maintains  that  in  Irog's  blood  the 
colouring  envelope  is  not  wholly  dissolved,  but  may  still  be  fre- 
quently observed  in  a  pale  fine  line  surrounding  the  nucleus. 

The  following  are  my  own  observations  with  respect  to  this  test. 
If  a  su£Scient  quantity  of  sweetie  acid  be  added  to  freshly  drawn  blood, 
so  as  to  give  it  a  decidedly  acid  reaction,  and  if  the  vessel  in  which 
it  is  contained  be  submitted  to  a  temperature  of  about  88*  for  half 
an  hour,  the  blood  becomes  changed  into  a  thick  tar-like  mass  of  a 
blackish  brown  colour. 

If  water  be  now  added,  and  the  mixture  carefully  stirred  until  it 
is  reduced  to  a  magma  of  an  equal  consistence  throughout,  we  find 
that,  on  examining  a  portion  of  this  mixture  under  the  microscope, 
the  addition  of  some  more  water  does  not  dissolve  the  corpuscles; 
in  fact,  they  are  no  longer  soluble  in  water,  in  consequence  of  the 
insoluble  compound  that  has  been  formed  by  the  acetic  acid,  and 
the  (casein-like)  globulin.  If  a  great  excess  of  water  be  added,  the 
corpuscles  sink;  the  albumen,  and  a  great  portion  of  the  haematin, 
which  enter  into  their  composition,  are  dissolved,  and  they  become 
almost  perfectly  clear.  They  may  even  be  boiled  in  water,  without 
any  chanee  in  their  form  being  produced. 

When  boiled  in  acetic  acid  (unless  it  be  very  dilute,)  they  blecome 
perfectiy  dissolved,  with  the  exception  of  their  nucleL* 

According  to  Muller  and  Schultz,  a  solution  of  caustic  ammonia  dis- 
solves the  corpuscles  more  rapidly  than  a  similar  solution  of  caustic 
potash.  The  same  observers  state  that  alcohol  does  not  dissolve 
them,  but  merely  produces  a  slight  contraction  or  puckering,  and 
that  the  ^nules  of  albumen  coagulated  by  this  reagent,  cloud  the 
field  of  vision,  and  render  the  corpuscles  indistinct  I  have  also 
found  that  neitiier  absolute  alcohol,  nor  alcohol  of  *S35,  effect  the  solu- 
tion of  the  corpuscles. 

It  has  been  found  by  Schultz,  HUnefeld  and  myself,  that  the 
blood-corpuscles  dissolve  upon  the  addition  of  a  small  quantity  of 
ether.  A  quantity  corresponding  in  volume  to  from  one  third  to 
one  half  of  the  blood  is  perfectly  sufficient  This  experiment  has 
been  successfully  repeated  upon  the  blood  of  man,  the  ox,  the  fit^g, 
and  the  carp. 

If  the  experiment  be  performed  in  a  test-glass,  it  will  be  observed 
that  the  colour  of  the  blood  very  soon  becomes  deepened,  but  that 
ultimately  the  whole  fluid  becomes  transparent  The  ether  does 
not  separate  during  this  process. 

If  a  portion  of  this  mixture  be  covered  with  a  slip  of  thin  glass, 

1  F.  SimoQ'f  Beitrage  zar  KenntDwi  dee  Bhites,  in  Brandet*!  Ardii^.  ^  18,  p.  35. 
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and  examined  under  the  microscope,  no  corpuscles,  but  simply  the  nu* 
deiy  are  discernible.  The  nuclei  in  the  blood  of  man  and  the  ox 
cannot  be  clearly  seen  on  account  of  the  colouring  matter  that  is  al* 
ways  present;  they  may,  however,  be  always  distinctly  observed  in 
the  blood  of  the  frog  or  the  carp  for  a  considerable  time. 

A  mixture  of  ether  and  blood,  kept  in  a  stoppered  vessel  for  some 
time,  became  thick,  assumed  a  greasy  appearance,  and  was  no  longer 
fit  for  the  experiment;  neither  could  a  satisfactory  result  be  obtained 
on  shaking  blood  with  an  excess  of  ether;  for  then  the  ether  took  up 
the  water  of  Uie  blood,  and  thus  reduced  that  fluid  to  a  state  of  thick- 
ness. 

On  pouring  ofi*  the  ether  from  a  known  quantity  of  blood  with 
which  it  had  been  continuously  stirred  for  twenty-four  hours,  and 
submitting  the  blood  to  a  single  washing  with  ether,  I  was  astonished 
to  find  that  from  the  two  ethereal  solutions  I  obtained  quite  as  large 
a  quantity  of  fat  as  I  should  have  done  by  the  repeated  extraction 
of  a  corresponding  portion  of  dried  and  finely-powdered  blood  with 
boiling  ether.  On  treating  pure  liquid  scrum  of  the  same  blood  in 
a  similar  manner,  the  quantity  of  fat  obtained  did  not  difier  from  the 
quantity  obtained  from  the  perfect  blood,  in  a  ratio  sufficient  to  jus- 
tify the  supposition,  that  the  capsules  are  composed  of  fat 

I  can  also  confirm  HUnefeld's  observation  respecting  the  influence 
of  bile  upon  the  blood.  On  the  addition  of  fresh  bile,  the  blood  im- 
mediately becomes  clear,  and  the  corpuscles  disappear.  In  conse- 
quence of  the  viscidity  of  ordinary  bile,  I  experimented  with  pure 
bUin. 

Upon  the  addition  of  a  little  partially  dried  bilin  to  the  blood  of 
man,  the  calf,  the  tench,  or  the  frog,  the  fluid  becomes,  after  a  little 
stirring,  thick,  almost  gelatinous,  capable  of  being  drawn  out  into 
threads,  and  no  corpuscles  can  be  seen  in  it  If  a  minute  drop  of 
frog's  blood,  in  which  the  corpuscles  have  been  thus  dissolved,  be 
brought  in  contact,  and  sufiered  to  mix  with  a  fresh  drop  of  blood 
from  the  same  animal,  an  interesting  microscopic  object  is  afforded. 
After  the  first  intense  action  is  over,  the  corpuscles  are  seen  to  move 
about  slowly,  or  to  be  in  a  state  of  rest,  and  gradually  to  disappear. 
The  solution  of  the  capsule  (not  of  the  nucleus)  occurs  so  instanta- 
neously that  the  eye  cannot  trace  the  reaction.  The  nucleus  always 
remains  as  a  granular  mulberry-like  corpuscle.  It  becomes  gradually 
paler  and  paler,  enlarging  itself  visibly  at  the  same  time,  and  at  last 
its  existence  can  only  he  ascertained  by  its  brightness.  I  have  never 
succeeded  in  observing  the  decomposition  of  the  nucleus  into  its 
constituent  parts,  which  has  been  described  by  Hunefeld,  although  I 
have  carefully  repeated  his  experiments.  I  usually  observed,  how- 
ever, that  at  those  points  where  many  corpuscles  had  disappeared, 
numerous  minute  points  were  visible,  of  which  the  larger  ones  dis- 
played a  lively  molecular  motion.  In  those  instances  in  which  the 
corpuscles  resisted  the  solvent  power  of  the  bilin  for  a  considerable 
time  (possibly  in  consequence  of  the  reagent  being  applied  in  too 
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dilute  a  state,)  they  often  assumed  very  peculiar  forms;  appearing 
as  if  they  were  twisted,  and  extended  longitudinally  in  one  direction, 
or  variously  coloured  in  the  interior.     (Vide  supra,  p.  95.) 

I  have  formerly  noticed  the  solvent  power  of  olive  oil  upon  the 
corpuscles.^  I  shook  a  quantity  of  the  blood  of  a  calf,  which  had 
been  allowed  to  flow  from  the  vein  into  a  vessel  one  quarter  full  of 
olive  oil,  until  the  blood  was  perfectly  cool.  No  corpuscles  could 
then  be  detected.  Whipt  blood  exhibits  the  same  phenomenon ;  but 
in  this  case  it  is  requisite  that  the  oil  should  remain  for  a  longer  pe- 
riod in  contact  with  the  blood.  This  fact  has  also  been  noticed  by 
Magendie.* 

B.  7%c  general  chemical  relations  of  the  colouring  matter  of  the 

blood  {Hsematin.) 

The  red  colouring  matter  of  the  blood  is  contained,  in  all  proba- 
bility, in  a  state  of  solution  in  the  corpuscles,  an  opinion  which  is 
also  supported  by  M iiller,  Schultz,  and  Keichert  If,  in  the  exami- 
nation of  frog's  blood,  one  corpuscle  be  observed  to  move  over  an- 
other, the  lower  can  be  distinctly  perceived  through  the  upper  one. 
Moreover,  the  instantaneous  solution  of  the  corpuscles  by  means  of 
bilin  supports  this  view;  for,  if  their  contents  were  gelatinous  or  so- 
lid, the  act  of  solution  would  be  observed  to  progress  from  the  cir- 
cumference to  the  centre,  and  would  admit  of  being  observed  by 
the  microscope. 

Hunefeld^  seems  to  support  the  opinion  that  the  colouring  matter 
exists  in  an  insoluble  form,  attached  to  the  inner  surface  of  the  cap- 
sules. If,  however,  this  were  the  case,  the  blood-corpuscles  would 
appear  more  opake  than  they  do.  The  observations  of  Hiinefeld 
and  others  show  that  the  following  substances  heighten  the  red  colour 
of  the  blood :  cold  water-extract  of  the  flesh  of  rabbits  and  calves 
(having  an  acid  reaction)  communicates  a  vermilion  colour  to  the 
blood.  It  becomes  of  a  deep  garnet  red  by  the  carbonate,  cyanate, 
and  nitrate  of  ammonia,  and  less  intensely  by  the  saliva,  phthisical 
sputa,  gonorrhceal  matter,  sweat,  hydrocyanic  acid,  the  carbonates  of 
soda  and  potash,  and  bicarbonate  of  soda. 

A  brown  tinge  may  be  produced  by  the  agency  of  several  sub- 
stances; for  instance,  by  all  free  acids,  by  sugar  of  milk,  oil  of  bitter 
almonds,  ammonia,  boracic  acid,  carbonate  of  magnesia,  tartrate  of  pot- 
ash, bromide  of  potassium,  sulphate  of  magnesia,  chloride  of  stron- 
tium, nitrate  of  strontia,  lactate  of  iron,  phosphorus,  iodine,  &c. 

The  alkalies,  alkaline  earths,  and  sulphuret  of  potassium  produce 
a  green  tint  It  becomes  entirely  decolourized  by  the  action  of 
coneine  and  oil  of  turpentine. 

«  Phannaoeatiscfaes  Centralblatt,  1839,  p.  672. 

*  Lemons  sur  le  Sang,  et  les  alteratioDs  de  oet  liquide,  par  Magendie.    BnixeDea,  1839, 
p.  844.  »  L.  c,  p.  104. 
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c.   Tke  general  chemical  relations  of  the  nuclei  of  the  blood- 

corpuscles. 

The  similarity  of  the  constitution  of  the  nuclei  to  coagulated 
fibrin  has  been  long  observed.  Hiinefeld/  however,  conceives  that 
corpuscles,  instead  of  consisting  of  fibrin,  are  mainly  composed  of 
fatty  matter  (either  cholesterin  or  some  allied  substance),  combined 
with  albumen,  as  occurs  in  the  yelk  of  eggs.  In  this  view  I  cannot 
coincide,  although  I  fully  believe  that  albumen  and  fat  do  take  a 
very  active  part  in  the  production  of  the  blood-corpuscles.  In  this 
instance,  the  formative  process  has  advanced  so  far  that  we  can  ex- 
pect to  find  the  original  materials  of  formation  present  in  only  very 
small  quantities.  It  is  true  that  the  fibrin  and  the  blood-corpuscles 
contain  a  greater  relative  proportion  of  fat  than  the  other  constitu- 
ents of  the  blood;  yet  in  nbrin  the  proportion  amounts  to  only  5|, 
and  the  fat  cannot  therefore  be  regarded  as  a  preponderating  consti- 
tuent of  this  substance.  That  the  fat  is  not  actually  cholesterin 
seems  pretty  clear  from  the  fact  of  the  ready  solubility  of  the  corpus- 
cles in  caustic  potash. 

The  diameter  of  the  nucleus  is  usually  about  one-fourth  or  one- 
fifth  of  the  diameter  of  the  blood-corpuscle.  In  the  amphibia  it  va- 
ries from  -002  to  -005;  in  fishes,  from  -0016  to  -0025;  in  birds,  its 
length  is  about  O02,  and  in  the  mammalia  *0008  of  a  line. 

1  have  made  the  following  observations  with  regard  to  the  nuclei 
in  the  blood  of  man,*  the  carp,  and  the  frog.  The  nuclei  in  the  frog 
appear,  after  the  solution  of  the  capsule  and  haemato-  globulin,  as 
partly  elliptical  and  partly  cylindrical.  After  washing  them  for  a  day 
or  two  in  order  to  remove  the  colouring  matter  and  albumen,  they 
assume  a  more  spherical  form,  and  most  of  them  present  a  granulated 
appearance  on  the  surface.  I  cannot,  however,  positively  assert  that 
^nular  cells  were  present,  nor  did  I  observe  the  nuclei  separate 
mto  distinct  portions  during  this  treatment.  The  nuclei,  even  when 
moist,  were  not  soluble  in  boiling  ether.  When  dried,  moistened 
with  water,  and  then  observed  under  the  microscope,  several  nuclei 
were  seen  floating  about,  apparently  unaltered;  many  were,  however, 
connected  together  in  such  a  manner  as  to  prevent  their  whole  out- 
line from  being  apparent  Upon  treating  the  dry  nuclei  with  ether,^ 
appearances  similar  to  those  already  described  were  perceived* 
Moist  nuclei  dissolved  readily  in  caustic  potash;  if  the  solution  be 
supersaturated  with  concentrated  acetic  acid,  and  heated,  an  imper- 
fect solution  of  the  matter,  precipitated  by  the  acid,  occurs ;  a  very 
small  quantity  of  dilute  hydrochloric  acid  will,  however,  readily  dis- 
solve the  whole.  On  treating  the  filtered  solution  with  tannin,  a 
copious  precipitate  was  thrown  down;    ferrocyanide  of  potassium 

1  Der  ChemisDiQi,  u.  s.  w.  p.  108. 

•  1  allude  to  the  Deariy  colouilMi  ndiment  which  may  be  obtained  by  wangling  Uood  with 
a  large  quantity  of  water,  and  which  is  focmd  to  contain  lympb-corpuaclea  and  fitgiiMOta  of 

9* 
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caused  a  mere  turbidity^  or  very  slight  deposit  Similar  observa- 
tions were  made  on  the  nuclei  of  carp's  blood,  but  the  ferrocyanide 
of  potassium  caused  less  turbidity  than  in  the  former  case.  The  nu- 
clei of  human  blood  are  scarcely  discernible  in  the  viscid  sediment 
The  effect  of  reagents  was  much  the  same  as  in  the  former  cases. 

Hence  we  are  led  to  infer  that  the  blood-corpuscles  are  chiefly 
formed  of  a  substance  closely  related  to  the  protein-compounds, 
although  not  identical  with  any  of  them:  possibly  the  nuclei  may  be 
converted  into  fibrin,  soluble  in  the  liquor  sanguinis,  after  the  meta- 
morphosis of  the  blood-corpuscles  has  been  accomplished.  On  heat- 
ing the  nuclei  on  platina  foil,  a  fatty  smell  is  first  observed,  and  then 
an  odour  resembling  that  of  burning  albumen.  Upon  heatine  them 
in  a  test-tube,  and  applying  litmus  paper,  the  red  colour  is  soon 
changed  to  a  strongly-marked  blue.  The  ash  has  a  reddish  appear- 
ance, and  consists  of  peroxide  of  iron,  lime,  and  phosphoric  acid. 

D.  The  general  chemical  relations  of  the  plasma  {liquor  sanguinis.) 

The  plasma  of  living  blood  exists  as  a  clear  fluid,  in  which  the 
corpuscles  are  seen  to  float  If  the  blood  has  been  removed  for  some 
time  from  the  body,  the  fibrin  separates  from  the  plasma.  This 
separation  appears  to  take  place  simultaneously  and  uniformly 
throughout  the  whole  of  the  blood.  As  the  fibrin  contracts,  it  en- 
tangles the  corpuscles;  the  subsequent  contraction  tends  to  expel  the 
serum,  and  thus  the  clot  is  produced.  The  clot,  at  first  soft  and  gela- 
tinous, becomes  gradually  more  consistent,  and  ultimately  appears  as 
a  mass,  capable  of  a  certain  degree  of  resistance,  and  floating  in  the 
serum. 

There  are  certain  pathological  conditions,  under  which  the  blood 
cannot  hold  the  corpuscles  in  suspension.  There  is  then  formed, 
previously  to  the  separation  of  the  fibrin,  a  layer  of  yellow  plasma 
above  the  sunken  blood-corpuscles,  in  which  (i.  e.  in  the  plasma,) 
upon  the  subsequent  coagulation,  a  certain  quantity  of  fibrin  separates 
(crusta  inflammatoria.) 

In  some  observations  on  the  blood  of  a  cachectic  horse,  made 
during  the  summer,  I  found  that  the  corpuscles  sunk  so  rapidly 
in  the  tumbler  in  which  the  fluid  was  received,  that  a  layer  of 
plasma  was  formed,  amounting  to  nearly  two-thirds  of  the  whole 
volume  of  the  blood,  previously  to  the  coagulation  of  the  fibrin. 
The  fibrin,  which  was  present  in  large  quantity,  then  began  to  coagu- 
late, and  after  some  time  a  solid  cylinder  of  coagulated  plasma  was 
formed,  which  resisted  a  considerable  degree  of  pressure,  and  under 
which  the  uncoagulated  blood-corpuscles  were  distributed. 

In  some  pathological  states  the  blood  contains  mere  traces  of 
fibrin;  in  these  cases  no  clot  is  formed;  we  observe  merely  the  sepa- 
ration of  a  few  dark  gelaliniform  flocculi. 

The  coagulation  of  the  plasma  is  a  consequence  of  the  cessation  of 
'he  vitality  of  the  blood;  hence  it  occurs  not  merely  in  blood  ab- 
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stracted  from  the  living  body,  but  after  death,  and  under  spme  pecu- 
liar circumstances,  in  the  vessels  themselves.  It  is  independent  of 
external  influences,  for  it  occurs  equally  in  ordinary  air,  in  vacuOy 
and  in  various  gaseous  atmospheres.  It  may  be  accelerated  or  im- 
peded by  certain  agents,  and  may  even  be  altogether  prevented ;  the 
blood,  however,  when  prevented  from  coagulating  in  this  manner,  is 
in  a  state  very  different  from  that  in  which  it  previously  existed  in 
the  body,  the  fibrin  having  undergone  a  chemical  change. 

The  retardation  or  prevention  of  coagulation.^ 

Fresh  blood  becomes  solid  below  32^,  without  the  coagulation  of 
the  fibrin,  which  however  occurs  after  thawing. 

The  blood  of  frozen  and  apparently  dead  frogs  remains  fluid,  and 
the  same  is  the  case  in  hybernating  animals,  in  which  the  temperature 
of  the  blood  is  reduced  to  that  of  cold-blooded  animals.' 

The  coagulation  of  the  blood  is  retarded  by  contact  with  animal 
membranes;  it  will  remain  fluid  in  tied  arteries  for  the  space  of  three 
hours.  Blood  which  has  been  infused  into  the  cellular  tissue  will 
remain  fluid  for  weeks.  Schultz  has  observed  that  blood  which  has 
collected  in  the  intestines  remains  fluid  for  a  long  time;  moreover, 
the  blood  which  has  been  abstracted  by  leeches  does  not  coagulate, 
as  long  as  it  remains  in  the  body  of  the  animal.^ 

Gerhard,  Hufeland,and  Kiel meyer,  have  shown  that  blood  through 
which  an  electric  current  is  continuously  passed  remains  fluid  for  a 
long  time.  Schubeler  also  showed  that  positive  electricity  hinders 
the  coagulation  of  the  blood;  moreover,  the  blood  of  animals  killed 
by  electricity  or  lightning  does  not  coagulate. 

The  following  salts  hinder  the  coagulation  of  the  fibrin,  according 
to  Hewson,*  Schultz,*  and  Hamburger's*  observations:  sulphate  of 
soda,  chloride  of  sodium,  nitrate  of  potash,  chloride  of  potassium, 
acetate  of  potash,  and  borax,  if  they  be  added  in  the  proportion  of 
half  an  ounce  to  six  ounces  of  blood.  If,  however,  the  blood  be  di- 
luted with  double  the  quantity  of  water,  the  fibrin  coagulates.  (Hew- 
son.)  The  carbonates  and  acetates  prevent  the  coagulation  of  the 
blood,  in  all  degrees  of  concentration.  With  regard  to  the  action  of 
the  sulphates,  a  concentrated  solution  appears  to  retard  the  coagula- 
tion ;  a  dilute  solution,  on  the  contrary,  to  accelerate  it  (Hamburger.) 
The  same  appears  to  be  the  case  with  respect  to  the  tartrates  and 
borates. 

^  [A  fbn  aaxrant  of  the  various  experiments  by  John  Hunter,  Davy,  Prater,  Scudamore, 
and  otfaen,  on  the  efiects  of  various  agents  upon  the  coagulation  of  the  blood,  to  the  period  it 
was  written,  isay  be  ibund  in  AnceO's  seventh  lecture  *«  on  the  Physiology  aiid  PatfaK)k>gy  of 
the  Blood— (Lancet,  l»40.) 

>  Schultz,  op.  dt  p.  »0. 

sL.c,pp.64and81. 

*  Dfeiqiiisrtio  experimentalis  de  sanguinis  natura.    L.  B.  1785. 
*Op.cit 

*  Rxperimentorum  drca  sangupiis  coagulationein  specimen  priroum  diasL  inaqg.  auct. 
HambufBr.    Beratiiri,  lb3f>. 
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The  following  metallic  salts  impede  the  coagulation  of  the  fibrin: 
sulphate  of  copper,  ammoniaco-sulphate  of  copper,  sulphate  of  the 
protoxide  of  iron,  chloride  of  iron,  ferrocyanide  of  potassium,  acetate 
of  lead,  and  tartrate  of  antimony  and  potash.^ 

MagendieV  observations  differ  considerably  from  the  above. 
He  arranges  in  a  tabular  form'  the  following  salts  which  tend  to 
impede  the  coagulation  of  the  blood:  tlie  alkaline  carbonates,  nitrate 
of  potash,  and  nitrate  of  lime.  All  observers  agree  that  the  free  al- 
kalies completely  prevent  the  coagulation. 

The  observations  of  Schultz,  Magendie,  and  Hamburger,  show 
that  dilute  mineral  and  vegetable  acids  prevent  the  coagulation  of 
blood,  which  however  thickens,  and  assumes  a  syrupy  or  oily  ap- 
pearance.    These  statements  have  been  confirmed  by  myself. 

The  following  non-mineral  reagents  have  been  observed  by  Ma- 
gendie to  prevent  or  impede  the  coagulation  of  the  fibrin:  nitrate  of 
strychnine,  nitrate  of  morphine,  and  nicotine.  This  statement,  as  far 
as  regards  the  nitrate  of  strychnine,  has  been  denied  by  Hamburger.^ 

Hunter  observed  that  the  coagulation  was  retarded  by  the  addition 
of  a  solution  of  opium,  a  statement  however  which  is  not  confirmed 
by  Hamburger*  The  latter  observer  notices  the  effect  which  is  pro- 
duced by  the  addition  of  bile,  in  preventing  the  coagulation. 

Acceleration  qfthe  coagulation. 

The  coagulation  of  the  fibrin  is  accelerated,  or  at  any  rate  not  im- 
peded, by  a  temperature  higher  than  that  of  the  living  blood.  Ac- 
cording to  Hewson,  it  takes  place  most  rapidly  at  from  114^  to  120^. 
Scudamore  and  Schroder  van  der  Kolk  assert  that  the  coagulation 
is  accelerated  by  electricity  and  galvanic  currents,  which,  however, 
is  opposed  to  the  previous  observations  of  Kielmeyer  and  others. 
Contact  with  atmospheric  air  hastens  the  coagulation. 

According  to  Hamburger,  no  influence,  either  in  accelerating  or 
impeding  the  coagulation,  is  exerted  by  sulphate  of  lime,  chlorate  of 
potash,  or  iodide  of  iron.' 

According  to  Magendie  and  Hambureer,  the  coagulation  is  ac- 
celerated by  acetate  of  morphine.  The  former  observer  states  that 
water,  a  watery  solution  of  sugar,  the  flu  id  j  of  dropsy,  Seidlitz  and 
Vichy  waters,  alcohol,  ether,  and  mannite;  and  the  latter,  that  decoc- 
tions of  digitalis,  and  tobacco,  solution  of  tannin,  iodine,  solution  of 
sugar,  gum  Arabic,  starch,  and  fresh  urine,  have  a  similar  effect^ 

1  Sdiultz  remarked  that  hydrodilorate  of  ammonia,  sulphate  of  potadi,  and  sulphate  of 
magnesia,  retain  the  Mood  in  a  state  of  fluidi^,  and  that  even  the  addition  of  a  laige  quantity 
of  water  does  not  produce  coagulation.  After  the  addition  of  sulphate  of  soda,  the  blood 
could  only  be  prevented  from  gelatinizing  by  constant  etinring,  a  step  that  was  not  requiala 
with  the  other  salts. 

>  Lemons  sur  le  Sang.    BruzeQeSy  1839. 

s  Op.  dt  p.  249.  4  lb.  pw  45. 

A  Magendie  observed  that  the  coagulation  is  hastened  by  the  addition  of  the  chlorides  of 
potasMum,  sodium,  ammonium,  and  barium;  of  bicaibonate  of  soda,  sulphate  of  T^agrnfii, 
tNnax,  nitrate  of  silver,  iodide  of  potassium,  and  the  cyanides  of  gold  and  mercmy. 

0  [A  summary  of  Bflr.  Blake's  experiments  on  die  efiects  of  vaiious  salts^  &c.  on  the  blood, 
is  given  in  WiUianis's  Principles  oTMedidiie,  page  99.] 
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ON  THE    CHEMICAL    PHTSIOLOOY  OF    THE    BLOOD. 

On  the  formation  of  blood. 

The  formation  of  the  blood,  and  especially  of  the  blood-corpuscles 
has  been  made  a  subject  of  careful  and  laborious  research  by  many 
of  the  best  microscopic  observers  of  the  present  age,  amongst  whom 
we  may  enumerate  the  names  of  Schultz,  Baumg^tner,  Valentin, 
Reicherty  Wagner,  and  Schwann. 

^As  the  physiological  details  connected  with  this  subject  belong 
stnctly  to  the  physiology  rather  than  to  the  chemistry  of  the  blood, 
we  shall  content  ourselves  with  a  brief  statement  of  all  that  is 
known  with  any  degree  of  certainty  regarding  this  obscure  and  in- 
tricate process. 

Capillary  vessels  are  developed  by  the  stellated  union  of  a  certain 
set  of  blastodermic  or  germinal  cells;  and  no  sooner  are  capillary 
or  other  vessels  formed,  than  a  kind  of  blood  is  found  in  them.  The 
corpuscles  of  that  blood  differ  from  those  of  the  adult  in  being  con- 
siderably larger,  more  spherical  and  granular,  and  in  containing  a 
distinct  nucleus.  There  is  probably  an  external  envelope.  The  gra- 
nules unite  or  amalgamate,  so  as  to  form  the  coloured  or  clear  part  of 
the  blood-corpuscle,  while  the  nucleus  remains.     See  fig.  2.] 

Although  much  light  has  recently  been  thrown  on  the  formation  of 
the  blood-corpuscle  in  the  embryo,  we  are  still  unfortunately  almost 
entirely  deficient  in  positive  information  regarding  the  formation  of 
the  blood-corpuscles  in  the  mature  individual.  That  blood-corpuscles 
are  formed  in  adults,  cannot  admit  of  a  doubt;  for  we  see  that  the 
mass  of  the  blood,  and  consequently  of  the  blood-corpuscles,  is  con- 
tinually increasing  from  the  moment  that  the  blood  is  first  produced 
in  the  embryo,  up  to  the  period  of  full  corporeal  development. 
Moreover,  independently  of  any  considerations  founded  on  the  in- 
creased mass  of  the  blood,  a  continuous  formation  of  blood-corpuscles 
is  obviously  necessary  to  compensate  for  the  waste  and  consumption 
of  blood  dependent  on  the  exercise  of  the  vital  functions.  The  im- 
mense quantities  of  extractive  matters  (abounding  in  nitrogen  and 
carbon,) — of  urea,  uric  acid,  bile,  mucus,  and  fat,  which  are  daily  se- 
creted in  the  urine,  faeces,  and  mucous  discharges,  together  with  the 
considerable  amount  of  carbon  which  is  given  ofi*as  carbonic  acid  in 
the  process  of  respiration, — must  all  be  refunded  to  the  system  by 
the  blood.  To  this  it  may  be  objected  that  the  supply  takes  place 
on  the  part  of  the  plasma,  which  alone  therefore  would  require  to  ex- 
ist in  a  state  of  continuous  increase,  while  the  corpuscles  coexist,  and 
are  coeval  with  the  individual  in  whose  blood  they  occur.  Such  a 
view  is,  however,  at  variance  with  all  the  phenomena  of  the  higher 
stages  of  existence :  for  no  tissue  or  portion  of  the  body,  solid  or  fluid, 
is  allowed  to  remain  unchanged  or  unendowed  with  vitality.  The 
necessity  for  the  consumption  and  reproduction  of  the  blood-corpus- 
cles has  never  yet  been  disputed,  but  various  theories  have  been  pro- 
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pounded  by  different  physiologists  regarding  the  seat  of  their  forma- 
tion and  their  mode  of  organic  development  or  metamorphosis. 

Hewson  endeavours  to  show  that  the  spleen  is  the  principal  organ 
in  which  the  blood-corpuscles  are  formed,  and  that  they  are  produced 
from  lymph-granules.  Although  the  functions  of  the  spleen  are  not 
even  at  the  present  day  properly  determined,  it  is  an  established  fact 
that  the  spleen  may  be  extirpated,  and  the  formation  of  blood  not  be 
impeded;  moreover,  the  red  colour  of  the  lymph,  upon  which  Hewson 
strengthens  his  opinion,  has  not  always  been  observed.^  Schultz* 
considers  that  the  blood-corpuscles  are  formed  in  the  lymphatic 
glands,  and  conveyed  by  the  ductus  thoracicus  into  the  blood.  He 
states  that  the  chyle  which  is  found  in  the  vessels  issuing  from  the 
glands,  contains  clear,  round,  oily  vesicles,  and  granular  lymph-cor- 
puscles. The  diameter  of  the  granular  lymph-corpuscles  in  horses 
and  rabbits  varies  from  'OOOS  to  *0008  of  a  line;  and  they  are  so 
similar  to  the  nuclei  of  the  blood-corpuscles,  as  to  render  it  very 
probable  that  the  latter  are  derived  from  them.  In  the  lymph  of  the 
ductus  thoracicus  of  rabbits  and  horses,  we  find  actual  blood-corpus- 
cles, as  well  as  the  transparent  and  granular  lymph-corpuscles;  these 
blood  corpuscles,  however,  possess  more  tender,  and  not  perfectly 
flattened  ^apsules,  and  a  much  smaller  amount  of  colouring  matter 
than  when  they  have  arrived  at  maturity.  They  are  consequently 
paler  and  more  transparent  than  at  a  subsequent  period,  and  the  nu- 
cleus may  be  enclosed  more  or  less  closely  in  the  capsule.  The  lymph- 
corpuscle  and  the  nuclei  of  the  blood-corpuscles  present  a  very  close 
analogy,  for  they  both  vary  in  size, and, to  use  Schultz'sown  words,"it 
cannot  be  doubted  that  the  blood-corpuscles  are  produced  by  the  forma- 
tion of  a  coloured  capsule  around  the  lymph  globules.*'* 

These  blood-corpuscles  could  not  have  been  transmitted  there  by 
blood-vessels;  their  difference  from  the  mature  corpuscle,  and  their 
slight  amount  of  colouring  matter,  are  opposed  to  such  a  supposition. 
Since  lymph-corpuscles  also  pass  into  the  blood,  the  formation  of 
blood-corpuscles  from  them  in  the  blood-vessels  cannot  be  denied; 
it  may  however  happen  that  they  are  again  conducted  by  the  blood 
to  the  lymphatic  glands,  where  their  metamorphosis  is  completed. 
In  a  more  recent  work  on  the  blood^  Schultz  states  that  the  coloured 
capsule  of  the  blood  corpuscle  is  principally  formed  in  the  process  of 
respiration.  There  is  much  in  favour  of  this  view,  for  we  know 
that  the  blood  can  only  obtain  its  nutriment  through  the  ductus  tho- 
racicus, and  it  seems  obvious  that  the  conditions  necessary  for  the 
formation  of  the  blood-corpuscles  must  be  associated  with  the  circum- 
stance of  the  derivation  of  the  nutriment  from  this  source.  More- 
over, there  can  be  no  doubt  that  in  consequence  of  the  continuous 

1  J.  Miiller's  Handbuch  der  Phynologie,  vol  1,  p.  573. 
'  System  der  Ciikulatkui,  p.  37. 
•  L.  c  p.  45. 

4  Ueber  die  gehemmte  Auflosong  und  Auflsclieidung  der  veibrauditen  BhittiGifldMn. 
Huieland^s  Joumal,  April,  1838. 
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supply  of  chyle  which  is  afforded  to  the  blood,  the  lymph-corpuscles 
would  speedily  predominate,  unless  they  underwent  some  metamor- 

Ehosis,  and  assumed  another  form ;  but  in  reality  the  number  of 
/mphhcorpuscles  in  the  blood  is  comparatively  small.  Although  the 
lymphatic  glands  may  be  regarded  as  in  some  degree  the  seat  of  for- 
mation of  u\e  blood  corpuscles,  it  must  by  no  means  be  supposed  that 
the  latter  issue  from  these  glands  in  a  perfectly  developed  state;  their 
ultimate  maturity  is  obtamed  in  the  blood,  and  they  aid  in  the 
support  of  its  independent  vitality.  .  Henle,  who  likewise  coincides 
in  the  view  just  given,  as  I  know  from  a  personal  communication 
with  him,  has  minutely  studied  the  formation  of  the  blood-corpuscle 
from  the  lymph-corpuscle,  and  the  transitions  of  the  latter  to  a  state  of 
maturity.  He  regards  the  lymphatic  gland  as  the  chief,  although  not 
the  exclusive  seat  of  formation  of  the  blood  corpuscles.  Although 
the  chyle  does  not  contain  a  sufficient  number  of  matured  blood-cor- 
puscles to  allow  us  to  recognise  their  presence  by  its  external  ap- 
pearance, we  must  remember  that  during  its  continuous  discharge 
into  the  subclavian  vein,  a  considerable  number  of  blood-corpuscles 
may  in  a  certain  time  be  conveyed  into  the  blood:  that  the  blood- 
corpuscles  which  are  contained  in  the  chyle  are  formed  in  the  organs 
of  chylification,  and  are  not  conveyed  thither  by  arteries  or  veins,  is 
clear  from  our  knowledge  of  the  connexions  between  the  vascular 
and  capillary  systems. 

It  is  pretty  generally  allowed  that  the  process  of  respiration  is  es- 
sentially requisite  for  the  further  development  of  the  young  blood* 
corpuscles,  ailer  their  formation  in  the  lymphatic  glands.  J.  MQller 
in  his  chapter  on  the  formation  of  the  blood,  expresses  himself  to 
the  effect  that  the  contents  of  the  lymphatics,  namely,  the  clear  lymph 
and  the  whitish  chyle,  are  the  materials  for  the  formation  of  the  blood, 
and  that  this  formation  is  carried  on  not  in  any  one  particular  organ, 
but  under  the  combined  influence  of  the  vital  functions  generally. 
This  view  corresponds  with  the  former,  if  in  the  materials  for  the 
formation  of  the  blood  we  understand  the  young  blood-corpuscles, 
(L  e.  the  lymph-  and  chyle-corpuscles  which  are  to  be  changed  into 
blood-corpuscles,)  and  the  plasma,  which  is  still  almost  destitute  of 
fibrin.  If,  however,  the  lymph-  and  chyle-corpuscles  are  regarded 
as  having  no  connexion  with  the  genesis  of  the  blood-corpuscles, 
then  it  is  distinct  from  the  previous  views.  Reichert  in  his  work  on 
Development,  has  said  nothing  respecting  the  formation  of  blood- 
corpuscles  in  the  adult;  but  from  a  personal  communication,  I  find 
that  he  regards  the  liver  as  the  blood-preparing  organ  in  adults,  and 
the  preparation  of  the  blood  as  the  principal  function  of  that  gland: 
the  secretion  of  bile  must  then  be  regarded  as  a  consequence  of  the 
metamorphosis  that  occurs  during  the  above  process. 

On  the  farces  that  circulate  the  blood. 

The  due  performance  of  the  functions  of  circulation  and  respiration 
is  as  essential  to  the  metamorphosis  of  the  blood  as  it  is  to  life  itself. 
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Circulation  commences  in  the  foetus  with  the  rhythmic  moTements 
of  the  heart. 

Keichert^  has  observed  in  the  incubated  egg,  that  the  only  inde- 
pendently formed  canals  for  the  blood  are  the  great  vascular  trunks 
directly  connected  with  the  heart;  the  other  blood-vessels  are,  as  it 
were,  excavated  by  the  force  of  the  heart's  action  on  the  blood-cells 
in  the  loose  cellular  mass  of  the  early  embryo. 

The  action  of  the  heart  is  theprimum  movens  of  the  circulation. 
Burdach'  observes  that  the  vital  action  of  the  heart,  which  acts  me- 
chanically on  the  bloody  and  propels  it  in  certain  directions  and 
courses,  indicates  most  clearly  that  the  heart  comprehends  within 
itself  the  elements  of  the  circulating  power,  and  that  independently 
of  its  vital  activity,  the  whole  circle  of  phenomena  appertaining  to  it 
results  from  its  mere  mechanical  relations.  The  cause  of  the  heart's 
action  must  be  referred  to  the  irritation  produced  in  it  by  the  living 
blood.  Miiller^  also  considers  that  the  blood  is  chiefly  propelled  by 
the  rhythmic  action  of  the  heart 

The  view  taken  by  Schultz^  is  different;  he  considers  that  the  mo- 
tion of  the  blood  in  the  living  body  results  from  the  joint  influence 
of  the  blood  and  of  the  vessels  reciprocally  acting  on  each  other, 
whose  true  nature  can  only  be  seen  in  the  vital  relations,  and  its  aim 
in  the  circle  of  organic  functions. 

R.  WagneH  is  inclined  to  believe  that  the  blood  is  propelled  not 
merely  by  the  heart's  action,  but  also  by  a  certain  electric  attraction 
of  the  organs,  by  the  influence  of  the  nerves,  and  by  a  motive  power 
inherent  in  the  blood  itself.  Since  the  heart's  action  is  occasioned 
by  the  irritation  exercised  upon  that  organ  by  the  living  blood,  there 
can  be  no  doubt  that  the  reciprocating  action  of  the  oreans  and  of  the 
blood  must  influence  the  circulation.  Schultz  evidently  undervalues 
the  influence  of  the  rhythmic  motion  on  the  circulation,  when  he 
limits  the  functions  of  the  heart  to  the  conveyance  of  arterial  blood 
to  the  peripheral  system,  and  to  the  conduction  of  venous  blood  back 
again,  and  regards  the  blood  in  the  peripheral  system  as  moving  en* 
tirely  independent  of  it 

The  circulation  is  usually  divided  into  the  greater  and  the  lesser. 
There  is,  however,  in  fact,  but  one  circulation;  and  this  is  divided 
into  the  greater  course,  which  proceeds  from  the  left  heart  through 
the  arteries  of  the  body,  and  through  the  veins  to  the  right  heart,  and 
into  the  lesser  course,  which  reconducts  the  blood  through  the  lungs 
from  the  right  to  the  left  heart. 

On  the  process  qf  respiration. 

Respiration  takes  place  through  lungs,  gills,  trachea,  or  the  integu- 
ment 

Oxygen  is  indispensable  for  the  process,  although  pure  oxygen  is 

»  Op.  dt  p.  142.  "  Op.  cit  voL  4,  p.  163. 

■  Op.  dt.  ToL  1,  p.  lea.  *Op.Ap.  344. 

*  Zor  TQigleicfanideii  Phjaologie  des  Blutes,  1833,  p.  70. 
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less  conducive  to  health  than  a  mixture  of  oxygen  with  a  gas  not 
detrimental  to  life^  as  nitrogen  or  hydrogen. 

The  proportions  of  oxygen  and  nitrogen  that  occur  in  atmospheric 
air  are  doubtless  the  most  suitable  for  the  respiration  of  the  higher 
animals;  viz.  21  parts  of  the  former  and  79  of  the  latter  gas.  In  an 
atmosphere  of  pure  hydrogen  or  nitrogen^  a  man  would  run  the  risk 
of  suffocation  in  a  very  few  seconds,  not  because  these  gases  are 
themselves  poisonous,  but  simply  from  the  absence  of  oxygen. 

Many  gases  produce  a  directly  poisonous  effect,  and  cannot  be 
breathed  even  when  mixed  with  oxygen;  as,  for  instance,  arseniu- 
retted  hydrogen,  sulphuretted  hydrogen,  phosphoretted  hydrogen, 
carburetted  hydrogen,  carbonic  oxide,  cyanogen,  chlorine,  ammonia, 
and  many  others. 

As  a  consequence  of  the  process  of  respiration,  the  blood  becomes 
chemically  changed ;  this  change  is  almost  entirely  confined  to  the 
blood-eorpufldes,  which  in  this  mdependent  act  of  metamorphosis  re- 
present exactly  what  we  understand  by  the  vitality  of  the  blood. 

Respiration  in  man  and  the  mammalia  is  effected  by  the  dilatation 
and  contraction  of  the  cavity  of  the  thorax. 

Since  the  diaphragm  in  a  state  of  relaxation  is  arched,  and  in  a 
state  of  contraction  during  inspiration  becomes  flattened,  the  cavity 
of  the  thorax  is  increased  during  inspiration,  the  surface  of  the  lung 
follows  the  retreating  walls,  its  volume  becomes  enlarged,  and  the 
atmoq)heFic  air  rushes  into  its  cells.  The  branches  of  the  air-tubes 
ramify  to  an  extraordinary  degree  in  the  parenchyma,  and  their  most 
minute  extremities  terminate  in  vesicular  dilatations,  which  do  not 
communicate  with  each  other,  and  whose  walls  are  covered  with  the 
peripheral  capillary  network.  From  a  calculation  of  Lieberkuhn,^ 
it  would  appear  that  the  whole  surface  of  the  ramifying  air-tubes  in 
man  amounts  to  1400  squai^  feet,  on  which  extraordinary  surface 
the  blood  and  atmospheric  air  are  in  contact  with  each  other,  (being 
separated  merely  by  a  moist,  permeable  membrane,)  and  the  former 
absorbs  the  requir^  amount  of  oxygen. 

Davy  calculates  that  the  human  lune  after  the  strongest  expiration 
still  contains  35  cubic  inches  of  air;  after  an  ordinary  expiration  108 
cubic  inches;  after  an  ordinary  inspiration  118,  and  after  a  very  deep 
inspiration  240  cubic  inches. 

In  ordinary  inspiration  and  expiration  (about  26  or  27  in  the 
minute)  the  amount  of  air  that  is  changed  varies  from  10  to  13  cubic 
inches. 

According  to  Herbst,  full-sized  adults  usually  inspire  from  20  to 
25  cubic  inches;  persons  of  smaller  stature  15  to  20.  The  volume 
of  air  inspired  during  each  respiratory  act  is  fixed  by  Allen  and 
Pepys  at  16-5,  by  Abilgaard  at  from  3  to  6,  and  by  Thompson  at  40 
cubic  inches. 

The  quantity  of  air  that  enters  the  lungs  in  the  course  of  24  hours 
is  calculated  by  Davy  at  from  400,000  to  500,000  cubic  inches,  by 

1  Sdnilti,  op.  dt  p.  288. 
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Allen  and  Pepys  at  from  460,800  to  475,200,  and  by  Thompson 
at  as  much  as  1,152,000  or  52-5  pounds,  the  respirations  in  this  case 
being  20  in  the  minute.^ 

Atmospheric  air  once  respired  is  lessened  in  volume;  and  the  loss 
has  been  variously  estimated  by  Berthollet,  Piaff,  and  Davy  at  from 
l-27th  to  1-lOOth  of  its  bulk.  Allen  and  Pepys,  however,  found  the 
loss  not  more  than  1*1 66th,  or  about  0*6{,  and  they  looked  upon  the 
former  as  a  mere  error  of  observation. 

The  most  important  experiments  regarding  the  changes  which 
atmospheric  air  undergoes  in  respiration,  are  those  of  Allen  and 
Pepys,*  of  Dulong,'  and  of  Despretz.^ 

The  earlier  experiments  of  AUen  and  Pepys  showed  that  the  quan^ 
tity  of  oxyren  lost  was  exactly  replaced  by  the  carbonic  acid  gene- 
rated, and  that  nitrogen  was  ^ven  off. 

In  their  later  experiments,  it  appeared  that  more  oxygen  was  ab- 
sorbed than  the  quantity  of  carbonic  acid  expired  accounts  for;  they 
were  also  further  convinced  of  the  accuracy  of  their  former  observa- 
tions respecting  the  increased  quantity  of  nitrogen  which  is  expired. 
They  caused  animals  to  breathe  an  atmosphere  of  pure  oxygen,  and 
likewise  of  oxygen  mixed  with  three  times  its  volume  of  hydrogen. 
In  the  latter  case  a  portion  of  the  hydrogen  disappeared,  and  was  re- 
placed by  an  equal  volume  of  nitrogen. 

The  experiments  of  Dulong  were  conducted  with  great  accuraey, 
and  by  means  of  apparatus  expressly  prepared  for  the  purpose.  They 
showed  that  more  oxygen  is  consumed  than  is  replacied  by  the  car- 
bonic acid  formed.  Tne  quantity  of  oxygen  thus  lost,  and  not  re- 
placed by  carbonic  acid,  amounted  in  the  case  of  herbivorous  animals 
to  about  10  J  of  the  oxygen  which  was  changed  into  carbonic  acid;  in 
carnivorous  animals  the  minimum  excess  amounted  to  20,  and  the 
maximum  to  50^. 

The  observations  of  Despretz  confirm  the  results  obtained  by  Dulong, 
and  likewise  show  that  nitrogen  is  developed  during  respiration. 

The  following  table  presents  a  sketch  of  the  results  of  the  obser- 
vations made  by  Despretz;  the  calculations  are  founded  on  the  French 
litre: 


Rabbit!      .  . 
liSvorets 

Giiineft-pigs  . 

Dog      .    .  . 

Puppwi     •  . 
Tom  Cat 

Pigeons     .  . 

Great  Owl  . 


Air  beibre  the  Eipe< 
riflMnC 


Niuofea. 

37-914 
39065 
37-967 
37-649 
37-176 
37-830 
37-662 
3&(tt7 


0x7|«n. 

10O79 
10*389 
10K)89 
10H)06 

10K)&5 

10K)]2' 

10-109 


Air  after  Uw  Ezperimeat. 


Nitrofeo.  Oxygen. 


38*743 
39^17 
39*023 
39029 
38-2r3 
38*354 
38*372 
38754 


6023 
6-216 
6-790 
4-424 
3049 
7-126 
6-826 
7-483 


Carbonic 
acid. 

3-076 
2965 
2«88 

3*768 
4018 
2O60 
2-451 
1-601 


of 

Oxygen 

over  Car* 

bonic  Acid 

IbrflMd. 

ooeo 

1-218 
0707 
1-806 
2215 
0*870 
0-735 
1-025 


Nitrofea 
devewped* 


0-839 
0432 
1-066 
1-374 
1-097 
0-624 
0*710 
0727 


1  Gmelm'a  Handbucfa  der  dieoratiidicQ  Chanie,  toL  2jp.  1519. 

•  Schwmi'a  Joamal,  toL  1,  p.  182;  and  vol.  67,  p.  337.    PhO.  Tians.  1809,  p.  4ia 

•  Ib.¥oL38,  p.  506.  «  Annalei  de  ChimiD  eC  de  Fhyaique,  ¥oL  26,  p.  337. 
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The  quantity  of  carbonic  acid  formed  in  the  process  of  respiration 
in  twenty-four  hours  in  adults,  and  the  amount  of  carbon  contained 
therein,  have  been  calculated  as  follows: 


■ndSflgoiD 


Expired  Carbonic  Acid. 


CaWc  ineli. 
14930 

31680 
39600 


Grains. 
8684 

17811 
18612 


Carbon. 


Grains. 
28S0 

4853 
5148 


Conaomad  OxTfsn. 


Cubic  inch. 

46037 
51480 
45604 
39600 


Grains. 

15661  Frendi. 
17625  Engtirii. 
15751      - 
13464      <« 


The  large  amount  of  carbon,  from  11  to  13  ounces,  (Davy,  Allen, 
and  Pepys,)  that  is  thus  carricMl  off  by  the  lungs  in  the  twenty-four 
hours,  does  not  accord  with  the  other  phenomena  of  nutrition ;  and 
Berzelius  has  calculated  that  it  would  require  6i  pounds  of  solid  food 
daily  to  make  up  for  the  carbon  that  is  separated  by  the  lungs  alone, 
without  taking  into  consideration  the  very  considerable  amount  that  is 
also  removed  by  the  urinary  secretion.  And  further:  when  we  con- 
sider that  in  most  sorts  of  food  the  portion  which  is  converted  into 
chyle  is  much  less  than  that  which  is  carried  off  by  the  intestinal  canal 
in  the  form  of  iieces,  it  becomes  the  more  wonderful  how  so  many 
persons  can  exist  on  a  few  pounds  of  daily  food,  the  solid  constituents 
of  which  must  be  very  small,  and  of  which  only  a  still  smaller  part 
admits  of  assimilation;  and  we  cannot  help  agreeing  with  Berzelius, 
that  so  large  an  excretion  of  carbon  is  inconceivable,  and  that  in  all 
probability  there  is  some  fallacy  in  the  experiments. 

Prout  has  made  some  interesting  observations  respecting  the  de- 
velopment of  carbonic  acid  from  the  lungs  at  different  periods  of  the 
day.  He  found  that  during  equal  spaces  of  time  the  minimum  oc- 
curred during  the  middle  of  the  night;  towards  morning  it  increased, 
and  attained  its  maximum  between  11  and  1  o'clock;  it  then  gradu- 
ally diminished  till  about  9  p.  m.,  when  it  remained  fixed  at  its  mini- 
mum till  3  a.  m.  The  quantity  of  carbonic  acid  was  likewise  found 
to  increase  by  gentle  exercise,  especially  at  its  commencement  and 
when  the  barometer  was  low. 

The  mean  amount  of  carbonic  acid  per  cent  was  3  45.  [A  series 
of  similar  experiments  has  been  published  by  Mr.  Coathupe,  which 
difler  in  several  respects  in  their  results  from  those  of  Prout]  They 
were  continued  for  a  week.     The  following  is  the  result  obtained : 


to9i 
to  12 


r  rooi  8  QJB. 
10a.in. 
12  nooD  to  1 
2  pja  to  5A 
7iuii.  to8| 
9pjii.  tomidnic^t 


Carbonic  acid  per  cent, 
of  air  expired. 

4-37 
.  3-90 
3^ 
4-17 
3'63 
4-12— Mean  4.02. 


Macgregor  ascertained  that  the  air  expired  by  persons  ill  of  con- 
fluent smallpox  contained  as  much  as  8^  of  carbonic  acid.     During 
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the  eruptive  fever  of  measles,  it  amounted  to  from  4  to  5|;  and  in 
propiortion  as  the  health  was  restored,  the  per  centage  was  dimi- 
nished to  its  natural  standard.  In  chronic  skin  diseases  an  augmen- 
tation was  likewise  observed ;  and,  in  a  case  of  ichthyosis,  the  mean 
per  centaee  was  7*2;  in  typhus,  according  to  Dr.  MalcoIm>^  the  for- 
mation 01  carbonic  acid  is  diminished;  in  diabetes,  no  deviation  from 
the  normal  standard  could  be  detected. 

The  question  of  the  quantity  of  carbonic  acid  expired  by  a  per- 
son in  twenty-four  hours  has  lately  become  of  peculiar  interest,  in 
consequence  of  its  association  with  several  problems  of  high  phy- 
siological importance.  Liebig  has  endeavoured  indirectly  to  estimate 
the  quantity  by  comparing  the  amount  of  carbon  contained  in  the 
food  consumed  in  the  twenty-four  hours,  with  the  carbon  of  the  ex- 
cretions during  the  same  period,  and  estimating  the  difference  as 
the  quantity  separated  by  the  respiratory  process.  He  thus  found 
that  an  adult,  taking  moderate  exercise,  expires  daily  on  an  average 
13*9  ounces  of  carbon  (more  than  double  the  quantity  found  by  La- 
voisier.) 

Experiments  have  recently  been  made  by  Andral  and  Gavarret, 
Scharling,  and  Brunner  and  Valentin,  with  the  view  of  ascertaining 
this  point,  and  of  elucidating  the  chemical  bearings  of  this  depart* 
ment  of  physiology.  We  shall  endeavour  to  give,  as  briefly  as  pos- 
sible, their  most  important  results. 

Absolute  quantity  qf  expired  carbonic  add. 

Andral  and  Gavarret  expressed  their  results  per  hour.  They  are 
4iontained  in  the  following  table: 


MALE  SEX. 


Age.       Maacnlar  deTelopment. 

8  Modemte 

10  Vay  great 

12  Moderate 

18  Great      . 

14  Moderate 

16}  Good      . 

18  Good      . 

20  Good 

24  Moderate  (mean  of  2} 

26  Extraordinarily  great 

26  Moderate 

28  Good      . 

32  Good      . 

33  Moderate  (mean  of  6) 


Carbon 

exhaled 

per  hour. 

grains 

67-0 

104-7 

113-9 

127-8 

126-2 

157-0 

169-4 

166-3 

176^ 

C^171 

1 217-1 

1694 

190-9 

176-6 

164-7 


Age.      Muacalar  development 

37  Moderate 

40  Veiy  great   . 

45  Very  alight  (mean  of  4) 

48  Good 

50  Good 

54  Very  great 

59  Moderate 

60  Extraordinarily  great 

63  Extraordinarify  great 

64  Sli^t 
68  M(^ratB     . 
76  Slight 
92  Extraoidinarify  great 

102  Extremely  dimimdiftd 


Carbon 
exhaled 

per  boor, 
graina 
164-7 
186-3 
132*4 
161-7 
164-7 
163-2 
154-0 
209-4 
190^ 
133-9 
147-8 

92-4 
135-5 

90-8 


1  London  and  Edinburgh  Monthly  Journal  of  Medical  ScienoB,  1843,  page  1. 
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FEMALE  SEX. 
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i 
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loderate 
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S6    Moderate 
32    Moderate 
45    Moderate 


Carbon 
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per  boar, 
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97-0 
109-3 

97-0 
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97-0 

9&4 

9&4 
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38  Moderate 

49  Good      . 

44  Venr  great 

49  Modemto 

59  Modente 

56  Modeiate 

63  Moderate 

66  Moderate 

76  Very  great 

82  Moderate 

yis^  [<»  o«^  • 

5   mow  do.    39  Good 


Carbon 
azlialed 
per  boor, 
graine 

190-3 

197« 

152-4 

113^ 

11&5 

109-3 

106-2 

104-7 

101-4 

024 

190-3 


1967 
1194 
199-3 


7Amo.do.    18    SUght 
6|mo.dow   29    Good 

It  is  thus  seen  that,  in  general,  the  amount  of  carbonic  acid  ex- 
pired by  both  sexes  increases  with  age  up  to  a  certain  point — the 
40-45th  year,  and  then  diminishes;  that  the  quantity  of  carbonic  acid 
expired  increases  with  the  development  of  the  muscular  system ;  that 
women  expire  less  carbonic  acid  than  men;  that  the  formation  of  car- 
bonic acid  attains  its  maximum  at  the  commencement  of  menstruation, 
and  then  experiences  no  further  increase,  except  in  the  pregnant  state, 
until  the  cessation  of  menstruation,  when  an  increase  again  takes 
place.  On  an  average,  an  adult  male,  of  moderate  constitution,  ex- 
hales from  160  to  170  grains  of  carbon  per  hour;  an  adult  female  in 
the  unimpregnated  state,  from  100  to  110  grains;  during  pregnacy, 
125  grains;  and  after  the  cessation  of  the  catamenia,  from  116  to  130 
grains.  Dumas  also  found  154  grains  per  hour  as  the  average  quan- 
tity of  carbon  exhaled  by  an  adult  male. 

Scharling*s  experiments  were  made  on  the  following  individuals: 
1st,  a  male,  aet  thirty-five,  weighing  131  lbs.;  2d,  a  male,  ae.t  six- 
teen, weighing  115i  lbs.;  3d,  a  soldier,  set  twenty-eight,  weighing 
164  lbs.;  4th,  a  girl,  st  nineteen,  weighing  llli  lbs. ;  5th,  a  boy,  aet 
nine  and  three-quarters,  weighing  44  lbs.;  and  6th,  a  girl,  aet  ten, 
weighing  46  lbs.    The  carbon  exhaled  per  hour  amounted  to — 
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Supposing  that  adults  sleep  seven,  and  children  nine  hours  per  day, 
the  amount  of  carbon  consumed  is  on  an  average — 
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It  is  thus  evident  that  the  quantity  of  carbonic  acid  expired  is 
very  variable,  and  that  it  may  be  altered  by  many  circumstances. 

Hunger 'and  rest  diminish,  satiety  and  labour  increase  it  It  is 
greater  during  the  day  than  the  night,  in  the  proportion  of  1*237  to 
one.  If  the  expired  carbolic  acid  be  estimated  in  relation  to  the 
weight  of  the  body,  it  is  found  that  children  give  off  a  proportionally 
greater  amount  of  this  gas  than  adults.  In  some  forms  of  disease^ 
the  amount  of  expired  carbonic  acid  fails  below  the  standard;  it  seems, 
in  a  state  of  health,  to  vary  directly  with  the  activity  of  the  circu- 
lation. 

The  influence  of  muscular  activity  on  the  amount  of  carbon  con- 
sumed, has  been  clearly  shown  by  some  experiments  made  by  Dn 
Hofmann  during  a  pedestrian  tour.  His  diet  was  simple  and  scanty, 
he  took  no  drink,  walked  during  the  whole  day,  weighed  all  his 
food  and  every  excretion  that  could  be  weighed  (even  the  nasal  mu- 
cus,) as  well  as  himself;  he  then  found  that  the  weight  lost  by  the 
body  was  never  equalled  by  the  excess  of  the  excrements  over  the 
food,  and  that  there  was  a  constant  loss  of  matter  by  the  skin  and 
lungs,  which  amounted  to  more  than  1  lb.  We  must  pass  over  the 
details  of  his  experiments.  Brunner  and  Valentin  found  that  the 
weight  of  carbon  they  consumed  per  hour  varied  from  134  to  170 
grains,  and  averaged  160.  The  volume  of  expired  carbonic  acid  per 
hour,  on  an  average,  was  equal  to  21*8  litres,^  and  the  entire  volume 
of  the  air  expired  per  hour  on  an  average  equal  to  540  litres.  These 
results  agree  well  with  those  of  the  earlier  observers.  When  the 
corrections  for  moisture  are  made,  the  quantity  of  carbon  expired 
per  hour  is  equal  on  an  average  to  172  grains,  and  of  carbonic  acid 
23*5  litres. 

I  [The  litre  18  a  little  larger  than  die  En^iih  wine  quart;  tbe  litre  being  equal  to  1*028, 
and  tbe  quart  to  57*75  cubic  UKhea.] 
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B.  Relations  of  the  consiiiuenis  of  the  expired  air  to  the  theory 

of  respiration. 

On  this  point  Brunner  and  Valentin  only  have  experimented, 
found — 
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It  is  thus  evident  that  the  variations  observed  in  the  amount  of 
nitrogen  are  entirely  within  the  errors  of  observation,  and  the  nitro- 
gen niay  be  disregarded  in  the  process. 

Again,  the  expired  air  contains  a  volume  of  carbonic  acid,  which 
is  but  little  less  than  the  volume  of  oxygen  which  has  disappeared, 
(therefore  the  weight  per  cent  of  the  carbonic  acid  is  necessarily 
somewhat  greater  tfian  that  of  the  absorbed  oxygen,  and  thus  also  the 
difference  of  nitrogen  appears  positive  as  regards  volume,  but  negative 
as  regards  weight;)  so  that  all  the  oxygen  absorbed  reappears  as  car- 
bonic acid,  except  a  small  quantity  consumed  in  the  body  for  other 
purposes.  Now,  according  to  Graham's  law  of  the  diffusion  of  gases, 
when  they  are  separated  by  an  animal  membrane  and  arc  under  equal 
pressure,  they  become  mixed  inversely  as  the  square  roots  of  their 
densities;  consequently,  1*17585  volume  of  oxygen  is  absorbed  for  one 
volume  of  expired  carbonic  acid.  Comparison  of  the  figures  shows 
it  that  the  mixture  of  the  two  eases  in  respiration  takes  place  entire- 
ly according  to  the  law  of  difiusion  of  gases;  for  the  most  accurate 
method  of  experimenting  gave  results,  in  which  the  figures  obtained 
for  the  carbonic  acid  and  absorbed  oxygen,  almost  exactly  agreed  with 
those  reckoned  according  to  the  law  of  the  diffusion  of  gases : 
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In  respiration,  which  is  thus  a  purely  mechanical  process,  the  in- 
spired air  is  first  warmed  to  99^*5,  and  saturated  with  moisture  at 
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this  temperature,  which  is  rapidly  accomplished  on  account  of  its 
extensive  distribution.  It  then  experiences  a  simple  difiiision;  the 
nitrogen  remains  entirely  unaffected;  1*1742  volume  of  oxygen  isab- 
sorbedy  and  replaced  by  1  volume  of  carbonic  acid  which  is  expired; 
or  for  each  volume  of  oxygen  absorbed  *8516  volume  of  carbomc  acid 
appears.  In  consequence  of  the  accuracy  with  which  the  law  of  dif- 
fusion is  here  observed,  the  most  minute  portion  only  of  other  gases 
is  absorbed  or  expired. 

That  hydrogen,  carburetted  hydrogen,  and  carbonic  oxide  gases 
are  not  contained  in  the  expired  air,  the  authors  have  shown  by 
some  direct  experiments ;  but  small  quantities  of  organic  matters  are 
evolved  during  respiration,  as  is  shown  by  sulphuric  acid,  through 
which  expired  air  has  been  made  to  pass,  being  always  coloured 
red.» 

Various  opinions  have  been  promulgated  respecting  the  formation 
of  carbonic  acid  in  the  blood.  The  most  natural  and  probable  is 
that  of  Lagrange  and  Hassenfratz,  who  maintain  that  the  blood  takes 
up  oxygen  in  the  lungs  and  retains  it  in  a  state  of  solution.  The 
blood-corpusdes  absorb  from  this  constant  source  a  due  supply  of 
oxygen  for  their  change. 

The  metamorphosis  occurs  in  the  peripheral  system,  and,  for  the 
most  part,  in  certain  organs,  as,  for  instance,  the  kidneys.  The  blood- 
coipuscles  give  up  the  carbonic  acid,  thus  formed,  to  the  blood,  and  it 
is  thrown  off  by  the  lungs.  It  must  be  remembered  that  blood  alwavs 
contains  carbonic  acid  and  oxygen,  but  arterial  contains  more  of  the 
latter  and  less  of  the  former  dian  venous  blood;  also,  that  the  whole 
of  the  carbonic  acid  is  not  separated  by  the  lungs,  although,  when  the 
blood  reaches  those  organs,  it  is  perfectly  free  from  oxygen. 

Although  the  atmospheric  air  and  Uie  circulating  fluid  are  not 
brought  into  absolute  contact,  there  is  no  impediment  to  their  mutual 
action.  The  absorption  of  the  air  through  the  humid  membrane  that 
surrounds  the  parenchyma  of  the  lungs  is  facilitated  by  the  immense 
extent  of  surface  presented,  over  the  whole  of  which  a  thin  stratum 
of  blood  is  distributed,  and  simultaneously  exposed  to  the  atmo- 
spheric influence.  The  permeability  of  the  soft  tissues,  especially  of 
tlie  membranes,  by  fluia  and  gaseous  substances,  is  a  well  known 
fact  It  is  in  accordance  with  this  law  that  atmospheric  air  finds  its 
way  into  the  blood.  Dark  red  blood,  enclosed  in  a  moist  bladder, 
soon  assumes  a  bright  red  tint;  a  gas  enclosed  in  a  similar  receptacle 
is  found,  after  some  time,  to  be  partly  displaced  by  atmospheric  air. 
These  are  mere  illustrations  of  the  same  principle.  If  the  opinion 
that  has  just  been  given  be  correct,  then  carbonic  acid  and  oxygen 
must  be  present  bom  in  venous  and  arterial  blood.  Numerous  ex- 
periments have  been  instituted  with  the  view  to  determine  this  point. 

By  submitting  12  ounces  of  the  venous  blood  of  a  calf  to  a  heat  of 

1  [For  further  information  on  thii  subject,  tiie  reader  ii  refanred  to  Valentin's  Lehiimch  de 
PhyaiologiB,  1844,  voL  1,  pp.  607-680,  or  to  an  excellent  abstract  that  appeared  in  the  Che- 
mical Onstte.] 
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200^,  Sir  H.  Davy  obtained  1*1  cubic  inch  of  carbonic  acid,  and  0*1 
of  oxygen,  and  the  experiment  has  been  confirmed  by  Brande  and 
Vogel.  Stromeyer,  Bergemann,  Miiller,  and  others  have  failed  in 
obtaining  carbonic  acid  from  blood  in  this  manner.  Brande  and 
Vogel  found  that  blood  placed  in  vacuo  developed  a  gas  which  con- 
tained some  carbonic  acid,  and  their  statement  is  confirmed  by  Home, 
Bauer,  and  Reid  Cianny,  while  J.  Davy,^  Mitscherlich,  Tiedemann, 
Gmelin,  and  MUller  failed  in  observing  any  development  of  carbonic 
acid  under  the  air-pump. 

Hoffmann  and  Stevens  could  not  obtain  carbonic  acid  either  by  the 
application  of  heat  or  by  the  air-pump;  but  they  observed  that  if 
freshly-drawn  blood  be  shaken  with  hydrogen,  carbonic  acid  is  then 
evolved.  Another  experiment  in  favour  of  the  existence  of  car- 
bonic acid  in  the  blood  has  been  instituted  by  Miiller.  Nysten  and 
CoUard  de  Martigny  made  animals  inhale  gases  entirely  devoid  of 
oxygen,  and  observed  the  formation  of  carbonic  acid.  Miiller  and 
Bergemann  made  frogs  breathe  pure  hydrogen  and  nitrogen,  and  ob- 
served that,  after  the  animals  had  remained  in  these  gases  from  6  to 
22  hours,  they  had  expired  a  quantity  of  carbonic  acid,  varying  from 
0-25  to  0*83  of  a  cubic  inch. 

Magnus  has  published  a  series  of  accurate  experiments  which 
must  be  regarded  as  quite  decisive  respecting  the  amount  of  carbonic 
acid  and  oxygen  in  arterial  and  venous  blood.  He  passed  a  current 
of  hydrogen  through  recently  drawn  blood,  and  found  that  carbonic 
aeid  was  given  off  in  a  constantly  decreasing  ratio.  He  likewise 
analyzed  the  whole  of  the  sas  that  he  obtained  from  the  blood,  and 
found  its  composition  as  follows: 
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^  [Di;  Daty  has  recently  shown  that  gas  is  frequently,  ahhooj^  not  inTariaUy,  disengaged 
both  from  venous  and  artenal  blood  in  vacuo.    Reseaicbei^  Phynol.  and  Anat  ^  S^  p.  1^] 
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VolajMt  in  cabie  cestioMtMi.  Ota. 
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From  these  experiments  it  follows,  1st,  that  carbonic  acid,  oxysen 
and  nitrogen  exist  both  in  arterial  and  in  venous  blood;  and,  2al^| 
that  the  quantity  of  oxygen  is  greater,  and  the  quantity  of  carbomc 
acid  less  in  arterial  than  in  venous  Uood,  a  fact  which  confirms  the 
opinion  we  have  expressed  regarding  the  formation  of  carbonic  acid 
and  the  theory  of  respiration  generaUy. 

The  bright  colour  which  is  communicated  to  the  blood  by  oxygeoi 
as  well  as  the  dark  shade  that  is  induced  by  the  transmission  of  car^ 
bonic  acid  through  it,  are  the  actual  shades  of  colour  that  we  see  in 
arterial  and  venous  blood.  Moreover,  when  blood  has  been  rendered 
artificially  venous  in  this  way,  it  may  be  rendered  arterial  in  its  cth 
lour  by  agitation  with  a  certain  quantity  of  oxygen,  and  we  can  then 
obtain  from  it  a  mixture  of  oxygen  and  carbonic  acid. 

We  have  now  enumerated  Uie  most  interesting  phenomena  in  re- 
ference to  the  expired  air.  We  have  already  noticed  the  circumstance 
that  nitrogen  is  expired.  It  follows  naturally  that  this  gas,  which 
forms  the  principal  constituent  of  the  atmosphere,  should  be  inhaled; 
and  according  to  Edwards  there  is  a  sort  of  compensation  between 
the  amount  of  exhaled  and  inspired  nitrogen,  so  that  the  quantity  of 
this  gas  in  the  atmosphere  remains  fixed,  the  amount  of  expirea  ni- 
trogen predominating  at  one  time,  and  of  inspired  nitrogen  at  an- 
other. According  to  Berzelius,  the  portion  of  nitrogen  tt^en  up  by 
the  blood  is  only  changed  when  the  blood  comes  in  contact  with  t 
gas  which  either  contains  no  nitrogen  or  which  possesses  it  in  t 

S eater  ratio  than  atmospheric  air.  Nitrogen  is  therefore  evolved 
)m  the  blood  during  the  inspiration  of  oxygen  or  hydro^n,  and 
the  circulating  fluid  is  then  found  to  contain  a  greater  proportion  than 
usual  of  oxygen  or  hydroeen;  but  if  nitrogen  is  inhaled,  an  excess  of 
this  gas  is  found  in  the  blood,  while  oxygen  and  carbonic  acid  are 
evolved  in  accordance  with  the  known  law  of  the  difiusion  of  gases. 

In  the  air  after  expiration  we  always  find  a  greater  or  less  amount 
of  watery  vapour.  According  to  Menzies,  an  adult  man,  in  the  cotirse 
of  twenty-four  hours,  gets  rid,  in  this  manner,  of  2880  grains  of 
water.  Abernethy  fixes  the  amount  at  4320;  Thompson  at  9120; 
Hales  at  9792;  and  Lavoisier  at  as  much  as  13,704  grains.  This 
water  exhales  from  the  blood  which  is  circulating  in  the  bronchi  and 
cavity  of  the  throat,  and  contains  some  animal  matter  which  causes 
it  to  decompose  speedily.  Alcohol,  ether,  and  substances  of  that  na- 
ture are  removed  from  the  blood  by  the  lungs,  at  least  in  part;  for 
after  they  have  been  taken,  their  odour  may  be  distinctly  recognised  in 
the  breath.  Sulphuretted  and  phosphuretted  hydrogen,  if  injected 
into  a  vein,  are  easily  recognised  in  the  breath  by  the  odour;  and 
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phosphuretted  oil  is  applied  in  a  similar  manner,  dense  white  vapours 
of  jAosphorous  acid  are  speedily  exhaled. 

Sespiration  o/the/tztus  and  of  animals. 

As  the  function  of  respiration  in  the  embryo  of  the  mammalia 
cannot  be  carried  on  by  the  lungs,  an  equivalent  is  supplied  to  them 
bv  the  influence  of  the  maternal  fli^ds  on  those  of  the  foetus,  in  the 
placenta.  Anatomical  investigations  have  shown,  that  it  is  impos- 
sible for  the  blood  of  the  motJier  to  be  transmitted  unchanged  mto 
the  fcetus;  nutriment  and  arterial  blood  can  only  make  their  way 
into  the  foetal  system  through  the  medium  of  cells. 

In  the  umbilical  cord  there  are  two  vessels  which  convey  venous 
blood  from  the  foetus  to  the  placenta,  and  there  is  one  that  conducts 
arterial  blood  from  the  placenta  to  the  foetus.  The  changes  which 
are  eflected  in  this  manner  in  the  foetal  blood  are  not  so  obvious  as 
if  they  had  occurred  in  the  ordinary  manner  in  the  lungs:  in  fact  it 
is  by  no  means  easy,  or  indeed  always  practicable,  to  detect  any  dif- 
ference in  the  colour  of  the  arterial  and  venous  foetal  blood.  The 
change,  however,  such  as  it  is,  is  of  the  highest  importance  to  the 
foetus,  since  it  dies  if  the  umbilical  cord  be  tied  before  birth.  The 
anatomical  peculiarities  in  the  circulating  system  of  the  foetus  are  too 
well  known  to  require  any  description. 

In  the  embryo  of  birds  the  respiration  is  carried  on  during  the 
latter  stages  of  development,  bv  the  allantdis,  an  extremely  vascular 
membrane,  over  which  the  left  umbilical  artery  is  especially  distri- 
buted. The  embryo  is  ultimately  entirely  enclosed  in  the  alfanioide 
(the  chorion  of  V.  BaerO  and  is  intimately  connected  with  the 
membrane  of  the  shell.  The  mutual  action  of  the  allantoide  and 
the  atmosphere,  takes  place, directly  through  the  membrane  of  the 
diell,  and  the  shell  itself,  and  thus  it  may  be  regarded  as  a  proper 
respiratory  organ,  whose  development  has  corresponded  throughout 
wiUi  that  of  the  embryo. 

In  birds,  the  lungs  do  not  occupy  the  whole  of  the  thoracic  cavi- 
ty, but  are  placed  in  its  farthest  extremity:  the  thoracic  and  abdo- 
minal cavities  are  not  separated  by  a  diaphragm.  Openings  are  situ- 
ated on  the  surface  of  the  lungs  which  admit  the  air  from  those 
organs  into  the  large  cells  situated  around  the  pericardium  and 
between  the  viscera  of  the  abdomen :  the  air  can  pass  from  these 
cells  even  into  the  cavities  of  the  bones. 

Respiration  is  conducted  in  fishes  much  on  the  same  principle 
that  it  is  in  the  foetus  of  the  mammalia.  The  venous  blood  is  con- 
Tejred  to  the  gills,  where  it  circulates  in  the  capillaries,  and  absorbs 
oxygen  and  nitrogen  from  the  air  which  is  contained  in  the  water, 
and  m  this  way  it  becomes  arterialized.  Humboldt  and  Provengal 
have  carefully  studied  the  process  of  respiration  in  fishes,  and  have 
proved  that  they  take  up  oxygen  and  nitrogen  from  the  air  which 
is  difliised  through  the  water,  and  that  they  exhale  carbonic  aicd; 
that  the  quantity  of  oxygen  which  they  absorb  is  more  than  is  replaced 
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by  the  carbonic  acid  expired;  that  fishes  absorb  oxygen  from  boiled 
water  which  has  been  subsequently  impregnated  with  half  its  volume, 
but  that  they  only  survire  in  it  for  a  short  time;  and,  lastly,  that  they 
die  in  water  from  which  the  air  has  been  removed,  or  in  which  they 
have  respired  for  any  time. 

The  water  (from  the  Seine  in  which  these  experiments  were  con- 
ducted contained  from  0266  to  -0287  of  its  volume  of  atmospheric 
air,  of  which  from  -306  to  '314  was  oxygen.  The  amount  of  car- 
bonic acid  varied  from  *06  to  -II  of  the  volume  of  atmospheric  air. 

The  water  was  enclosed  in  bell-glasses  over  mercury,  through 
which  the  fishes  were  introduced  into  it.  In  experiments  with 
tenches  they  observed,  that  from  100  parts  of  atmospheric  air  there 
were  abstracted  22-8,  13-6,23-4,  15-5,  17*4,  22*8  parts,  the  variations 
depending  on  the  duration  of  the  experiment  and  the  number  of  the 
fishes.  The  ratios  of  the  consumed  oxygen  to  the  carbonic  acid 
formed,  were  as  1  to  -57,  -80,  -Ql,  -20,  and  -50,  while  the  ratios  of 
the  consumed  oxygen  to  the  consumed  nitrogen  were  as  1  to  •43, 
-87,  -40,  -19,  -71,  and  -63.  The  inequality  of  these  ratios  indicates, 
as  Berzelius  remarks,  the  varying  power  with  which  fishes  act  tipon 
the  air  on  different  days,  at  dinerent  seasons,  and  possibly  in  dif- 
ferent conditions  of  health.^ 

The  amount  of  oxygen  consumed  by  fishes  is  much  less  than 
would  be  required  for  warm-blood  animals  of  equal  bulk,*  and  their 
temperature  is  very  little  above  that  of  the  surrounding  medium. 
When  breathing  free  atmospheric  air,  they  do  not  consume  more 
oxygen  than  in  uieir  native  element. 

Fishes  absorb  oxygen  and  exhale  carbonic  acid,  not  merely  with 
their  gills  but  with  the  whole  surface  of  their  body,  as  long  as  they 
are  surrounded  with  water  impregnated  with  atmospheric  air.  This 
fact  was  proved  by  Humboldt  in  the  following  manner.  He  passed 
a  cork  collar,  covered  with  waxed  cloth,  over  the  head  of  a  fish,  which 
was  then  introduced  into  a  vessel  filled  with  water,  and  the  vessel 
being  closed  by  a  cork  collar,  which  was  so  adjusted  that  the  head 
and  gills  of  the  fish  did  not  come  in  contact  with  the  water  in  the 
vessel.  Fishes  thus  treated  lived  five  hours,  and  the  water  in  the 
vessel  underwent  the  changes  usually  produced  by  respiration. 

Ermann  found  that  the  air,  in  the  swimming-bladder  of  lake  .fish, 
is  deprived  of  a  considerable  portion  of  its  oxygen.  Biot,  on  the 
contrary,  found  in  the  swimming-bladder  of  those  marine  fishes  that 
inhabit  deep  waters,  more  oxygen  than  nitrogen.  Humboldt  and 
Provencal  observed  that  after  the  removal  of  the  swimming-bladder 
fishes  continued  to  absorb  oxygen,  but  that  they  did  not  form  any  car- 
bonic acid:  they  regard  it,  however,  as  doubtful  whether  this  phe- 
nomenon is  due  to  the  pathological  condition  of  the  animal,  or  to  the 
absence  of  the  swimming-bladder. 

iThiprchemie,p.  140. 

^  Trcvimnus  eotnnates  the  amount  at  about  SOJ-  lesi  than  wann-blood  animakof  eqqal  baft 
woold  oonmiroe.    HiBconduaioiiaare  basedoo  tfaeexpeitaaeDtsrefertedtobtb^ 
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Inaects  can  live  for  a  long  time  under  the  receiver  of  the  air-pump, 
in  a  rarified  atmosphere;  if^  however,  their  stigmata  be  closed  with 
oil,  they  speedily  die.  The  researches  of  Scheele,  Vauquelin,  and 
Hausmann  rtxow  that  in  the  respiration  of  insects  a  portion  of  the 
oxygen  of  the  atmospheric  air  is  converted  into  carbonic  acid. 

Treviranus  has  observed  that  the  amount  of  oxygen  which  is  taken 
up  is  frequentlv  twice  as  great  as  is  required  for  the  production  of 
the  earix>nic  acid  formed,  and  that  insects  always  develop  nitrogen. 
Thus  a  honey-bee,  confined  in  an  atmosphere  of  212  cubic  inches, 
eonaumed  13*5  of  oxygen,  while  it  only  3delded  8-3  of  carbonic  acid, 
and  5-3  of  nitrogen. 

The  experiments  of  Spallanzani  and  Hausmann  tend  to  prove  that 
the  changes  produced  by  worms  on  the  atmospheric  air  in  which 
they  are  confined  are  similar  to  those  effected  by  insects. 

On  the  metamorphosis  of  the  blood* 

All  our  conceptions  of  organic  life  are  associated  with  the  idea 
of  continuous  change  of  substance.  A  constant  metamorphosis  is  go- 
ing on  in  the  living  blood,  which,  in  fact,  may  be  regarded  as  tfie 
most  obvious  manifestation  of  its  vitality. 

When  it  ceases  to  undergo  this  metamorphosis,  it  dies;  indeed  the 
veiy  act  of  vital  annihilation  is  attended  with  a  change  in  the  blood, 
which  we  regard  as  an  indication  of  its  plastic  power.  As,  however, 
life  in  every  manifestition  of  its  vanning  forms  is  dependent  on  cer- 
tain conditions,  and  cannot  exist  when  they  are  infringed,  so  it  is 
with  the  vitality  of  the  blood;  for  although  there  is  doubtless  an  ac- 
tual inherent  power  in  the  blood,  it  can  no  longer  act  when  it  is  de- 
IRived  of  the  condition  requisite  for  its  maintenance,  namely,  the  re- 
ciprocal action  of  the  organism.  The  blood  is  not  the  only  portion 
or  the  body  that  undergoes  this  change;  every  organ  and  tissue  is 
subjected  to  a  similar  metamorphosis,  which  is  presented  to  us.  under 
the  general  phenomena  of  nutrition  and  consumption,  (or  waste,)  and 
which  is  dependent  on,  and  effected  by,  the  blood  alone;  but  since 
the  various  tissues  present  a  different  chemical  composition,  and  since 
the  different  organs  separate  different  matters  from  the  blood,  it  is 
obvious  that  they  cannot  all  modify  the  circulating  fluid  in  the  same 
manner,  but  that  the  metamorphosis  must  vary  in  some  degree  with 
the  influence  of  the  nervous  system.  Two  conditions  are  essentially 
requisite  for  the  metamorphosis  of  the  blood,  namely,  circulation  and 
resjaration,  inasmuch  as,  without  them,  the  blood  would  not  be 
bnnight  in  contact  with  U)e  oxygen,  which  is  necessary  for  the  exis- 
tence of  life;  and  the  more  completely  these  functions  are  discharged, 
the  more  perfectly  will  the  due  changes  in  the  blood  be  effected:  if, 
on  the  contrary,  the  blood  is  detained  in  any  part  of  the  body,  or 
cannot  enter  the  sphere  of  atmospheric  action  in  the  lungs,  the  meta- 
morphosis can  be  only  imperfectly  effected. 

We  know,  from  the  investigations  of  Schwann  and  Reichert,  that 
11 
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all  the  tisauefl  of  th6  uiimat  body  are  composed  of  cells,  and  that  nu< 
trition  and  growth  of  the  organs  and  tissues  is  conducted  by  the  pro- 
ductioD  of  new  cells,  appropriate  for  each  individual  organ,  derelop- 
ing  themaelres  at  every  point  where  the  substance  from  which  they 
are  formed,  viz.  the  blood,  is  conveyed;  that  these  cells,  by  their  or- 
ganic formation,  effect  a  change  in  the  nutritious  plasma,  by  appro- 
priating from  it  matters  homologous  to  themselves,  and  that  the 
cells  are  finally  consumed  or  dissolved,  as  is  obvious  from  the  gene- 
ral phenomena  of  the  circulation.  The  nutrition  and  consumption 
of  the  tissues  of  the  animal  body  in  the  general  jHocess  of  life  is, 
consequently,  the  product  of  the  nutrition  and  consumption  of  the 
cells  which  constitute  those  Ussues.  Since  the  capillaries  are  distri- 
buted over  every  particle  of  each  individual  tissue,  and  since  their 
walls  are  composed  of  cells,  which  can  communicate  and  impart  the 
plasma  to  the  adjacent  cells,  the  plasma  can  be  universally  distributed, 
and  the  reciprocal  action  between  it  and  the  ce^  of  the  various  or- 
gans ensured. 

In  what  manner  the  cells  act  upon  the  nutrient  fluid  we  are  not 
able  to  understand,  but  there  can  be  little  doubt  that  they,  or  (which 
amounts  to  the  same  thing]  the  organs  and  tissues  which  they  con- 
'  stitute,  produce  a  dialytic,  catalvlic,  or,  as  Schwann  terms  it,  a  meta.- 
bolic  change  on  the  plasma  of  tne  blood.  The  products  of  these  in- 
fluences must  necessarily  consist  of  certain  chemical  compounds, 
formed  in  very  different  ways,  and  varying  in  their  nature  in  accord- 
ance with  the  activity  of  the  nervous  power.  The  high  atomic  num- 
bers of  those  animal  substances  which  are  of  the  most  importance  in 
nutrition,  aa  the  protein-compounds  and  fats,  render  the  existence  of 
numerous  decompositions  extremely  probable.  In  vegetable  chemis- 
try we  find  whole  classes  of  subataoces  transmutable,  one  into  the 
other,  in  wliich  the  same  radical,  consisting  of  carbon  and  Hy- 
drogen, is  combined  with  different  atoms  of  water,  or  of  water  and 
oxygen:  I  need  only  refer  to  woody  fibre,'  starch,  gum,  sugar,  and 
lactic  acid.  We  have  sufficient  grounds  for  assuming  the  existence 
of  similar  radicals  in  the  chemical  compounds  of  the  animal  body; 
and  if  we  knew  more  of  the  composition  of  the  extractive  matters, 
we  should  doubtless  find  a  radical  common  to  all  of  them.  In  many 
of  these  decompositions,  which  are  extremely  vaiying  in  their  ma- 
ture, oxygen  is  undoubtedly  absorbed,  and  carbonic  acid  evolved,  as 
indeed  we  see  in  the  process  of  respiration.  Oxygen  combines  not 
merely  with  carbon;  it  may  also  enter  into  combination  with  hydro- 
gen and  form  water,  or  with  a  binary  or  ternary  radical,  which  it 
ivould  oxidize.  Hydrogen  and  oxygen  may,  further,  be  either  sepa- 
rated from  or  taken  up  oy  th^e  compounds,  in  the  proportions  in 

1  rWoodj  film  (Bgnme)          -    C„  H,  O,  =(*',.  H.)0 
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which  they  form  water.  Thus  quaternary  compounds  may  be  split 
into  several  quaternaries  with  the  same  or  a  different  radical,  or  into 
quaternary  and  ternary  compounds,  &c.  These  must,  however,  be  re- 
garded as  mere  possibilities,  which,  unless  kept  in  check  by  experi- 
ment, are  capable  of  indeterminate  extension. 

One  of  the  most  important  conditions  for  the  reciprocal  action  be- 
tween the  cells  of  organs  and  the  nutrient  fluid  is  a  proper  degree  of 
warmth;  the  requisite  temperature  varies  in  different  classes  of  ani- 
mals, but  its  range  is  limited  within  very  narrow  bounds,  above  or 
below  which  the  action  is  impeded,  or  even  destroyed,  and  death 
then  ensues.  If,  therefore,  we  should  regard  the  conditions  of  tem- 
perature as  independent  of  the  organism,  and  unconnected  with  the 
phenomena  of  life,  these  phenomena  would  be  unavoidably  and  per- 
petually disturbed,  and  the  due  course  of  the  organism  altogether  de- 
stroyed. 

Tlie  conditions  for  the  production  of  a  due  temperature  are  there- 
fore based  on  the  vital  phenomena  themselves,  and  in  accordance 
with  the  principles  of  adaptation  that  are  observed  in  the  animal  or- 
ganism, it  is  developed  by  those  very  processes  for  which  its  exist- 
ence is  indispensably  necessary. 

On  animal  heat. 

The  temperature  of  every  animal  is  higher  than  that  of  the  sur- 
rounding medium.  The  temperature  of  the  human  body  in  those  in- 
ternal parts  which  are  most  easily  accessible,  such  as  the  mouth  and 
rectum,  is  usually  between  97°'7  and  93°'6.  The  temperature  of  hu- 
man blood  varies  from  100^*6  to  101^-75  in  a  state  of  health,  but  in 
disease  it  may  rise  to  106^  or  107^.  In  morbus  cceruleus  and  in  cho- 
lera the  temperature  falls  considerably:  in  the  former  the  hand  could 
only  raise  the  thermometer  to  78^-8,  and  in  the  latter,  the  heat  of  the 
mouth  raised  it  only  to  78^.8,  and  in  another  experiment  to  77^.  In 
healthy  per86ns  the  temperature  is  said  to  attain  its  maximum  during 
the  day,  and  to  fall  from^l*8  to  2*7  degrees  during  sleep.  In  warm 
climates  Dr.  Davy  found  the  temperature  of  the  interior  of  the  body 
20-7.3°-6  higher  than  in  temperate  climates. 

Tiedemann^  has  given  tHe  following  table  regarding  the  tempera- 
ture of  birds,  which  is  higher  than  that  of  any  other  class  of  ani- 
mals. 

Gmt  titmouae       -       -       -       -  111*25 

Swanow 111*25 

Friiigilla,difierentipede8  -        -  lll-85tol07 

Adii»  diflferent  ipecKs      -        -        -  111      to  106 

Common  hen  ....  109^  to  10299 

Fako,  diflerent  npeciei     -        -        •  109*74  to  104*5 

Pigeon  ..---.-  109*58  to  106*7 

Ra^en 109^  to  106-99 
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Degfaet. 

Vnltnre 107-49 

Comnon  oodL        ....  103>78to109^ 

WhitoOuM  .       .       .       .  10SI 

OaU 100 

Tiedemann  and  Rudolph!  have  also  made  an  extensive  series  of  ob- 
servations regarding  the  temperafore  of  the  mammalia.  The  follow- 
ing is  derived  from  their  tables: 

Bat(Ve«rtaiopipirtnBni)         -106     lolOS 

Squiinl 105 

Sheen J04     to  100^ 

Ox 104     to09 

lUbfah 104     Id9»46 

Ape  (Simb  dgab)      -       •       -  103-86 

c£ 10a«to9&6 

Bet  (Veipertilio  noctoh)      •       -  108 

Dog 101-3  toOO'S 

GimwMag ]004to9637 

Ume 100 

Elephant 99^ 

Hone 9&84to97 

There  is  no  very  great  difference  between  the  cetacea  and  the 
other  mammalia  in  respect  to  their  temperature.  The  temperature 
of  the  seal  and  of  the  Greenland  whale  has  been  determined  at  104% 
and  that  of  the  porpoise  has  been  found  to  vary  from  99^*5  to  95^*9. 
The  temperature  of  the  amphibia  differs  very  slightly  from  that  of  the 
surrounding  medium.  Czermack^  found  that  the  temperature  of  t 
proteus  was  63*5^  when  that  of  the  air  was  55^*4,  was  68^-85  when 
the  temperature  of  the  air  was  63^-5,  and  was  65°  in  water  at  55°;  in 
water  of  which  the  temperature  was  44°*4,  the  temperature  of  a  frog 
was  48°.  Dr.  Davy  found  the  temperature  of  a  snake  88°*46  in  air  of 
81°'5,  and  90°  in  air  of  82°*94;  the  temperature  of  testudo  midas  was, 
84°  while  that  of  the  air  was  79°-5. 

The  temperature  of  fishes  appears,  from  the  experiments  of  John 
Hunter,  Dr.  Davy,  Broussinet,  and  others,  to  be  from  -7  to  2.7  de- 
grees above  that  of  the  surrounding  water.* 

It  must  be  regarded  as  an  established  fact,  that  a  certain  tempe- 
rature is  necessary  for  the  continuance  of  animal  life,  and  that  the 
source  of  this  temperature  must  be  sought  for  within  the  organism, 
and  must  be  looked  upon  as  a  consequence  of  life  itself.  The  pro- 
duction oF  heat  cannot^  however,  be  so  properly  ascribed  to  anv  of 
the  collective  phenomena  of  life,  as  to  the  chemical  processes,  which 
are  known  to  develop  warmth,  and  the  action  of  which  we  see  in 
the  metamorphoses;  and  on  the  other  hand  a  certain  degree  of  animal 

1  BemngartDer's  und  EttJnghmwen'B  Zeitedirift  fur  Phyaik  and  Madiemitik,  vol  3,  p. 
385. 

'  [The  tfaeoiy  of  rai(iiratiaii,  m  Utte  eoiuoe  of  animal  heat,  invented  by  Lavoiner  and  La- 
pboe,  as  well  as  the  critical  experiments  b^  which  that  tfaeoiy  was  tested  by  Dulong  and  Des- 
pietz,  are  too  well  known  to  require  petition;  neither  need  we  devote  any  space  to  die  in- 
fluence of  the  nerves  on  the  geiMiration  of  heat  The  subject  is  iutty  discuawd  in  Miillei's 
Pbydology,  trandafced  by  Dr.  Baly,  vol  1,  pp.  83-88;  fixst  edition.] 
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heat  is  iodispensably  requisite  for  those  chemical  processes  which 
are  the  necessaiy  consequences  of  the  proper  organic  development 
of  the  cells  of  all  tissues,  and  of  their  catalytic  influence  on  the  nu- 
trient fluid,  the  plasma  of  the  blood;  The  animal  heat  is  therefore 
to  be  reeanied  as  the  product  of  those  vital  functions,  for  the  due  ex- 
ercise of  which  it  is  essentially  requisite.  The  organism  is  thus  pro- 
tected against  the  innumerable  disturbing  forces  under  which  it  would 
otherwise  succumb,  in  consequence  of  the  varying  temperature  of 
the  external  world.  The  development  of  heat,  therefore,  decreases 
with  the  diminution  of  the  vital  powers,  with  the  retarded  circulation 
of  the  blood,  with  checked  nutrition,  and  with  imperfect  metamor- 
phosis, while  all  the  phenomena  of  inanition,  perfect  destruction  of 
power,  and  finally  an  asphyxiated  condition,  are  the  consequences. 

As  this  cellular  action,  which  is  collectively  exhibited  in  the  me- 
tamorphosis of  the  animal  organism,  maj^  be  regarded  as  purely 
chemical,  so  the  heat  that  is  engendered  thereby  may  be  considered 
as  a  eonsequence  of  these  chemical  processes,  and  therefore  all  those 
functions  of  the  organism  which  are  necessary  for  the  preservation  of 
life,  contribute  directly  or  indirectly  to  the  production  of  animal 
heat,  which  must  be  regarded  as  developed  at  every  point  at  which 
metamorphosis  is  occurring,  and  therefore  not  merely  in  the  lungs, 
but  in  the  whole  peripheral  system.  The  absorption  of  oxygen,  and 
its  combination  with  the  carbon  of  animal  matter,  not  only  in  the 
lungs,  but  in  the  whole  body,  must,  on  that  account,  be  regarded  as 
the  principal  source  of  heat  In  addition  to  the  oxygen  required  for 
the  formation  of  the  carbonic  acid,  a  certain  amount  is  absorbed, 
which  probably  enters  in  combination  with  hydroeen,  or  with  bi- 
nary or  ternary  radicals  of  carbon  and  hydrogen,  of  carbon  and  ni- 
trogen, or  of  carbon,  hydrogen,  and  nitrogen,  and  in  this  manner, 
douDtless,  contributes  somewhat  to  the  general  production  of  heat 

The  theory  of  animal  heat  aflbrds  a  simple  explanation  of  many 
well-known  phenomena,  as,  for  instance,  of  the  slight  independent 
warmth  of  the  foetus,  when  removed  from  the  uterus  (as  shown  by 
Autenrieth  and  Schultz,^)  and  of  those  young  animals  that  are  born 
in  an  imperfectly  developed  condition. 

The  low  temperature  of  persons  with  morbus  cceruleus,  in  whom 
the  metamorphosis  of  the  blood  is  always  imperfect,  and  the  cor- 
responding phenomena  that  are  presented  by  aged,  debilitated,  sick 
persons,  and  those  in  whom  (accordios  to  Edwards)  a  small  quan- 
tity of  blood  circulates  torpidly ;  as  well  as  the  increased  temperature 
in  inflammatorv  diseases  when  the  blood  circulates  more  rapidly 
than  usual,  and  the  metamorphosis  is  more  rapid,  are  other  illustra- 
tions of  the  same  principle. 

The  phenomena  observed  in  hybernating  animals  are  strongly 
corroborative  of  the  mutual  dependence  of  the  animal  heat  and  of 

1  Experimenta  dica  caloicm  ftetiitet  Mtnguiiiem.    Tub.  1799. 
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metamorphosis,  and  also  of  the  intimate  connexion  of  the  former 
with  the  processes  of  respiration  and  circulation. 

The  observations  of  Pallas,  Spallanzani,  Mangili,  Saissy,  Csermack, 
and  Berthold  show  that  hybernation  is  prevented  by  a  temperature 
of  from  50°  to  80°,  whilst  it  is  induced  in  those  aniinals  that  are  8ub>, 
ject  to  it,  even  in  summer,  by  means  of  artificial  cold:  other  obser- 
vers, however,  maintain,  that  there  is  a  periodical  deficiency  of  vital 
energy  at  the  usual  hybemating  season.  During  this  peculiar  state 
the  respiration  becomes  slow,  and  may  even  cease  altogether;  the 
circulation  is  likewise  almost  stopped,  for  Saissy  found  that  the  ca- 
pillaries of  the  external  pmrts  of  the  body  were  nearly  empty,  while 
the  larger  vessels  were  only  half  filled,  and  the  undulatory  motion 
of  the  blood  was  observable  only  in  the  principal  trunks  of  the  thorax 
and  abdomen.  He  likewise  found  that  the  blood  did  not  contain 
the  usual  amount  of  fibrin  and  albumen  at  this  period,  and  that  the 
bile  had  a  peculiarly  sweet  taste. 

The  production  of  heat  is  also  dependent  on  the  mass  of  the  blood- 
corpuscles,  and  on  the  rapidity  of  the  circulation, — a  view  that  per- 
fectly accords  with  the  preceding  statement,  for  the  corpuscles  are  (as 
we  shall  presently  show)  undergoing  a  constant  metamorphosisi 
which  may  be  renrded  as  an  evidence  of  the  vitality  of  the  blood, 
and  which  is  intimately  connected  with  the  respiratory  process. 

When  there  is  a  paucity  of  corpuscles,  the  necessity  for  the  ab- 
sorption of  oxygen  is  diminished  in  a  corresponding  ratio,  the  cir- 
culation becomes  slower,  and  there  is  less  heat  developed  than  in  the 
normal  state:  on  the  other  hand,  blood  with  an  excess  of  corpuscles, 
but  which  is  circulated  slowly,  develops  less  heat  than  blood  which 
contains  a  smaller  proportion  of  corpuscles,  but  which  is  more  ra- 
pidly circulated,  for  more  oxygen  may  be  consumed  in  the  latter 
than  in  the  former  case. 

The  following  table,  drawn  up  from  the  researches  of  Dumas  and 
Prevost,  and  amplified  by  my  own  observations,  afibrds  some  inte- 
resting data  on  tnis  point: 


Animal. 


Ooomiaii  hen 
Dudt 
Raven 
Heron 

Gumea-pig 
Dog- 
Cat    . 
Goat  - 
Hare 
Hone 


Caffitricfae; 


Ox 
Carp  - 

ToDcfa 
Giee&toad 


Blood  •cor* 

Mean  torn. 

Palw. 

Reipira 

ptMdos* 

peraiai*. 

Uoa. 

15^7 

107*6 

196 

34 

.    1571 

1067 

140 

30 

l&Ol 

106^ 

110 

21 

14*66 

10&6 

110 

21 

•    \^W 

111-9 

300 

22 

14-61 

^9 

flO 

90 

1^92 

9&6 

72 

18 

.  i»ao 

100-4 

140 

36 

is-as 

99-4 

90 

28 

.    ISMM 

101-3 

100 

24 

-    1(K20 

109-5 

84 

94 

.      9-38 

100*4 

120 

86 

.     9^ 

9&2 

56 

16 

.      9-90 

100^ 

.    10^ 

99-5 

38 

.     2-10 

5M  to  51*4 

20 

.      1-40 

59«to51*4 

.     »90 

51*8  to  51-4 

77 
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The  metamorpboflis  of  the  blood,  and  the  general  change  of  matter, 
lead  to  still  another  aecondary  source  of  animal  heat  It  has  been 
shown  by  PouUet'  that  all  solid  bodies,  organic  and  inorininic,  under- 
lie an  elevation  of  temperature  when  moistened  with  different  fluids. . 
In  oraanic  substances  it  may  amount  to  from  11^  to  18".  Since  the 
act  (tt  metamorphosis  is  always  effected  through  humid  membranes, 
this  source  of  heat  must  be  regarded  as  of  great  importance,  even  if 
it  be  not  actually  identical  with  the  catalytic  metamorphosis  of  the 
cells  themselves. 

Becquerel  and  Breschet'  have  observed,  by  means  of  a  thermo- 
electric multiplier,  that  each  contraction  of  a  muscle  is  accompanied 
by  an  increase  of  temperature,  amounting  to  from  1^*8  to  2^*6,  the 
increased  temperature  that  succeeds  violent  exercise  may  probably 
be  in  part  accounted  for  by  this  means. 

Metamorphosis  qfthe  blood  in  the  nutrition  qf  the  organism. 

The  conveyance  of  nutriment  to  the  various  parts  of  the  organism  is 
one  of  the  most  important  functions  of  the  blood;  and  in  order  to 
discharge  it  efficiently,  the  blood  must  itself  receive  a  constant  supply 
of  mt>per  material. 

Regarding  the  blood  physically,  as  composed  of  corpuscles  and 
plasma,  it  is  only  from  the  latter  that  the  organs  can  directly  obtain 
nourisbmenL  This  plasma  is,  however,  a  very  complicated  fluid; 
its  principal  constituents  are  albumen,  fibrin,  fatty  cpmpounds,  salts, 
extractive  matters,  and  a  peculiar  colouring  matter,  haemaphaain. 
The  question  now  arises.  Are  all  these  constituents,  or  only  some 
of  them,  employed  in  nutrition?  Our  analysis  of  urine,  sweat,  and 
mucus  show  that  these  secretions  and  excretions  carry  off,  in  addition 
to  certain  peculiar  matters,  the  same  pigment,  the  same  salts,  and  the 
same  (or  similar)  extractive  matters  as  are  contained  in  the  plasma; 
hence  we  may  infer  that  those  substances  which  are  removed  from 
the  body  are  effete  products  of  the  metamorphosis,  and  that  they  are 
not  suited  for  nutriment,  at  any  rate  in  the  form  in  which  they  oc- 
cur. Neither  albumen,  fibrin,  nor  fat^  is  found  in  urine,  sweat,  or 
mucus,  and  the  presence  of  either  albumen  or  fat  is  always  regarded 
as  a  symptom  of  a  morbid  state.  This  fact  tends  to  support  the  opi- 
nion that  albumen,  fibrin,  and  fat  are  the  substances  which  are  em- 
ployed in  the  nutrition  of  the  peripheral  system. 

The  blood,  in  its  passage  through  the  capillary  network,  permeates 
all  organs  and  tissues,  and  their  cells  take  up  from  the  plasma  those 
substances  which  they  require  for  nutrition,  and  restore  to  it  those 

t  Aimalei  de  Chemie  et  de  PhyiiqiiB,  ¥oL  9(^  p.  141. 

>  Amal,  aes  Some.  Nat  1835. 

•  The  &t  that  k  oocaaonaDy  to  be  delMted  in  the  sweat  does  not  arise  torn  the  troa  per> 
yiiation,  but  finom  the  aebaoeoua  glands  of  the  Aid.  Perfectly  normal  mucus,  sndi  as  oocms 
m  some  quantity  b  healthy  urine,  contains  neither  albumen  nor  &t  PubnciiarY  mucus  and 
the  fldira  discUki^ed  with  it  often  contain  a  little  fet  and  albumen,  but,  in  all  probability,  they 
belong  to  the  nli^  only,  a  fluid  not  inleiided  to  be  excreted. 
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which  have  become  effete,  and  are  no  longer  adapted  for  the  pro- 
cess of  nutrition.  We  may  conclude  that  tlie  act  of  nutrition  is  ef- 
fected by  the  sole  influence  of  a  vital  power  inherent  in  the  cells, 
and  that  the  plasma  is  entirely  passive.  If  the  various  tissues  of  the 
animal  body,  different  as  they  are  in  their  chemical  constitution,  ob- 
tain their  nourishment  from  the  protein-  and  fat-compounds  of  the 
plasma  (which  contains  the  elements  of  the  cells,  but  not  the  diffe- 
rent cellular  substances  themselves,)  it  is  clear  that  the  cells  and  tis- 
sues must  produce  a  metamorphic  effect  on  that  portion  of  the  nutri- 
ment which  is  homologous  with  themselves.  Their  catalytic,  or  as 
Schwann^  in  his  theory  of  cells,  terms  it,  their  metabolic  power, 
evolves  from  the  plasma  the  materials  that  serve  for  the  nutrition  of 
the  cells.  The  plasma  is  here  the  cytoblastema,  the  catalytic  or  me- 
tabolic force  lies  in  the  cells  and  tissues.  But  although  the  plasma  acts 
only  passively  in  this  nutritive  process,  we  cannot  deny  it  a  peculiar 
vital  power.  This  is  first  manifested  in  the  formation  of  the  Cjrto- 
blastema,  for  the  force  that  creates  these  forms  cannot  be  regarded 
as  independent  of  the  plasma.  If  the  nucleus  is  formed  by  the  so- 
lidification of  fibrin  in  the  plasma,  which  from  the  similarity  of  their 
constitution  is  probable,  its  formation  must  be  regarded  as  the  result 
of  a  purely  plastic  force  in  the  liquor  sanguinis.  If,  however,  all 
the  different  portions  of  the  body, — the  muscles,  bones,  cartili^ges, 
horny  matter,  serous  membranes,  sinews,  neurilema,  brain,  &C., — are 
nounshed  and  formed  by  the  protein-  and  fat-compounds  of  the 
plasma,  we  must  arrange  these  compounds  into  those  which  are^  and 
those  which  are  noty  homologous  to  the  tissues.  Neither  albumen, 
fibrin,  nor  fat  can  belong  to  the  second  division,  since  the  tissues  are 
formed  from  these  substances. 

I  have  already  mentioned,  that  those  constituents  of  the  plasma, 
that  are  excreted  in  the  urine  and  the  sweat,  cannot  reasonably  be 
considered  as  any  longer  nutritious,  for  it  would  be  at  variance  with 
our  ideas  of  a  consistent  organization  to  suppose  that  substances  which 
could  be  subservient  to  the  preservation  ot  the  body  should  be  re- 
moved from  it;  it  would  be  just  as  irrational  to  conceive  that  they 
were  conveyed  into  the  body  in  order  to  circulate  therein,  with  the 
nutriment,  with  no  definite  object ;  it  only  remains  then  for  us  to 
conclude  that  they  are  formed  in  the  body,  and  in  that  case  they  can 
only  be  regarded  as  products  of  metamorphosis.  The  most  important 
constituents  of  the  secretions  and  excretions  separated  from  the  blood 
are  urea,  uric  acid,  bilin,  hsemaphsein,  biliphaein,  extractive  matters, 
lactic  acid,  salts,  and  mucus.  Mucus  must  not,  however,  be  regarded 
as  a  genuine  excretion,  for  it  plays  an  important  part  in  the  animal 
organism,  and  its  removal  is  not  a  matter  of  vital  necessity,  but  the 
urea,  uric  acid,  and  bilin  are  chemical  combinations  which,  in  a 
healthy  condition  of  the  system,  are  removed  by  certain  organs  in  a 
fixed  quantity,  but  which  are  not  met  with  in  the  blood  itself:  and 

i  Mikrotkopiiche  UntenacbudgeD,  p.  3S1  and  334. 
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indeed,  it  is  difficult  to  understand  how  these  products  of  the  me- 
tamorphosis of  the  plasma  (constant  in  their  amount,  and  determinate 
in  their  composition)  are  produced  in  the  formation  of  tissues,  which 
present  entirely  di&rent  chemical  characters,  and  which  are  fre- 
quently devdoped  in  very  changeable  proportions.  It  seems  more 
rattonal  to  conceive  that  the  urea,  uric  acid,  and  bilin  are  products 
of  the  metamorphosis  of  a  substance  of  a  fixed  chemical  composition, 
idiich,  by  the  simplicity  and  uniformity  of  the  changes  to  which  it 
is  subjected,  gives  origin  to  the  formation  of  these  products  of  de- 
composition. We  shall  revert  to  this  subject  in  our  observations  on 
the  metamorphosis  of  the  blood-corpuscles,  and  on  the  manner  in 
which  the  production  of  hsmaphaein  may  be  explained. 

There  still  remain  for  our  consideration  the  extractive  matters,  the 
lactic  acid  of  the  urine,  and  the  salts:  all  these  substances  occur  in  no 
inconsiderable  quantity  in  the  blood,  and  their  formation  during  the 
act  of  nutrition  of  the  various  tissues  is  consequently  very  probable. 
If  the  various  tissues  are  formed  from  the  plasma  of  the  blood,  and 
if^  as  is  probably  the  case,  their  formation  is  accompanied  by  the 
absorption  of  oxygen  and  the  liberation  of  carbon,  the  resulting  pro- 
ducts may  be  extremely  various:  indeed  there  are  so  many  different 
forms  of  extractive  matter,  of  the  true  nature  of  which  we  are  still 
ignorant,  that  we  are  justified  in  the  conclusion,  that  they  ^undergo 
very  complicated  transformations  during  the  nutrition  of  the  tissues. 

While  all  the  tissues  may  be  considered  as  albuminous,  gelatinous, 
osseous,  homv,  or  fattjr,  it  must  be  remembered  that  the  various  fats 
difier  materially  in  their  constitution,  and  that  there  are  similar  dif- 
ferences amongst  the  albuminous  tissues.  If  we  regard  the  extract- 
ive matters  as  the  products  of  the  nutrition  and  waste  of  the  diffe- 
rent tissues,  the  variety  in  which  they  exhibit  themselves  is  not  at 
variance  with  the  conceptions  we  are  led  to  form  respecting  the  na- 
ture of  metamorphosis.  Another  circumstance  in  support  of  this 
view  is,  that  the  formation  of  similar  matters  is  observed  in  the  ve- 
getaUe  kingdom,  where  there  is  a  vital,  reciprocal  action  between 
the  cells  and  the  nutriment,  combined  either  with  the  production  of 
lactic,  or  of  some  allied  acid.  Although  these  extractive  matters  are, 
without  doubt,  entirely  different  from  those  that  occur  in  the  animal 
body,  they  correspond  in  many  of  their  physical  and  chemical  pro- 
perties: I>oth  are  incapable  of  being  exhibited  in  a  crystalline  form, 
they  dissolve  readily  in  water  and  partially  in  alcohol,  they  are  pre- 
cipitated by  many  of  the  metallic  oxides,  and  it  is  a  matter  of  ex- 
treme difficulty  to  obtain  them  in  a  state  of  purity  in  consequence  of 
their  tendency  to  undergo  transformation  and  to  become  chemically 
changed. 

Until  the  extractive  matters  of  the  animal  body  have  been  accu- 
rately analyzed,  and  the  composition  of  the  various  tissues  has  been 
determined,  it  will  be  impossible  to  obtain  a  rational  insight  into 
the  nature  of  these  changes. 

It  appears  fi^m  the  statements  of  Berzelius,  as  well  as  from  my 


130  CiaCULATIMO  FLUIDS. 

own  investigations,  that  some  of  the  extractive  matters  which  occur 
in  the  blood  and  in  the  flesh  are  also  met  with  in  the  urine.  It  still 
remains  to  be  decided  whether  all  the  extractive  matters  of  the  flesh 
pass  unchanged  into  the  blood  and  are  thrown  off  by  the  urine,  or 
whether  they  become  changed  in  their  passage ;  or,  lastly,  whether 
they  are  not  partially  metamorphosed  in  certain  organs,  and  asain 
rendered  fit  to  serve  the  purposes  of  nutrition.  When  we  consider 
the  wisdom  that  is  universally  obvious  in  the  economy  of  the  animal 
body,  it  seems  probable  that  the  last  is  the  most  correct  view,  and 
it  is  by  no  means  improbable  that  the  gelatinous  tissues  are  sus- 
tained by  a  cytoblastema,  allied  to  the  extractive  matters.  The  fact 
that  some  of  the  extractive  matters  of  flesh  are  not  only  strengthening 
but  very  digestible,  renders  it  more  than  probable  that  some  of  the 
matters  of  this  class  serve  as  nourishment;  while  others,  incompati- 
ble with  the  purposes  of  nutrition,  are  excreted. 

The  plasma  of  the  blood  contains  salts,  some  of  which  are  pecu- 
liar to  that  fluid,  and  are  transmitted  from  thence  into  the  secretions 
and  excretions,  while  others  (especially  the  phosphates  of  lime  and 
magnesia,  fluoride  of  calcium,  together  with  small  quantities  of  the 
sulphates  and  carbonates  of  soda  and  lime),  occur  m  the  bones  as 
actual  constituents  of  the  body.    The  latter  are  conveyed  into  the  body 
with  the  food,  partly,  in  the  state  of  phosphates,  &c,  while  their 
formation  is  also  in  part  due  to  the  production  of  phosphoric  and 
sulphuric  acids  by  oxydation  of  the  phosphorus  and  sulphur  which 
occur  in  the  protein-compounds,  and  the  subsequent  combination  of 
those  acids  with  bases.     These  salts  are  again  found  in  the  urine,  for 
they  are  removed  by  the  blood  during  the  metamorphosis  of  the 
bones,  and  are  excreted  by  the  kidneys.     In  the  present  state  of  our 
chemical  knowledge,  it  is  impossible  to  assign  with  certainty  any  de- 
finite function,  to  the  large  quantity  of  salts,  which  enters  the  blood, 
but  is  not  transferred  into  any  of  the  solid  textures  of  the  body. 
Hewson  su^ested  that  the  object  of  the  saline  constituents  of  the 
serum  was  to  enable  the  blood-corpuscles  to  retain  their  discoid  form. 
Albumen,  without  salts,  has  as  little  power  as  pure  water  in  hindering 
the  solution  of  the  blood-corpuscles.     Hewson's  view  seems  to  be 
supported  by  the  facts,  that  the  alkaline  salts  which  occur  in  only  a 
very  slight  proportion  in  solid  textures,  are  found  in  a  very  lar^^e 
quantity  in  the  blood ;  and  further,  that  when  water  is  mixed  with 
blood,  by  injection  into  a  vein,  in  a  sufficiently  large  quantity  to  dis- 
solve or  modify  the  form  of  the  corpuscles,  a  fatal  result  ensues. 
As  these  salts  are  continuously  introduced  into  the  blood  with  the 
food,  a  corresponding  amount  must  be  removed  by  the  excretions. 
The  salts  have,  however,  other  functions  than  that  assigned  to  them 
by  Hewson.    The  blood,  as  is  well  known,  has  always  an  alkaline 
reaction,  and  it  might  therefore  be  supposed  that  if  a  large  quantity 
of  an  acid  were  taken,  the  reaction  of  the  blood  would  be  neutralised. 
This  is,  however,  by  no  means  the  case,  partly  because  only  a  certain 
quantity  of  the  acid  enters  the  blood,  the  remainder  being  carried  off 
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by  the  intestinal  canal,  and  partly  because  the  portion  that  does  enter 
the  circulating  fluid  is  at  once  removed  by  the  kidneys.  Thus  all 
the  mineral  acids  may  be  detected  in  the  urine  after  their  adminis- 
tration; the  vegetable  acids  appear,  however,  to  undergo  a  partial 
change,  at  least  Wdhler  found  that  neutral  potash,  or  soda  salts, 
formed  by  a  vegetable  acid,  were  decomposed  in  the  organism,  and 
that  the  bases  were  removed  by  the  urine  in  the  form  of  carbonates. 
We  thus  see  that  the  existence  of  basic  salts  in  the  blood  is  indispen« 
sibly  necessary;  and  as  neutral  or  acid  salts  are  usually  contamed 
in  rood,  it  is  clear  that  they  must  undergo  such  a  change  in  the 
body  as  to  permit  of  the  removal  of  the  acids  by  the  urine  while  the 
bases  are  retained. 

There  is  every  reason  to  suppose  that  the  basic  salts  of  potash 
and  soda  in  the  blood  serve  for  the  purpose  of  combining  with  the 
lactic,  fatty,  uric,  and  probably  carbonic  acids  that  are  continually 
secreted  during  metamorphosis. 

The  salts  of  lactic  and  uric  acid  are  in  part  excreted  in  that  form ;  and 
in  part,  as  has  been  remarked,  are  decomposed,  so  that  the  free  acids 
are  separated  by  the  kidneys,  while  the  bases  are  retained.  The 
adts  01  the  fat^  acids  appear  to  be  secreted  only  in  the  liver.  Whe- 
ther chloride  of  sodium,  which  appears  to  be  requisite  for  all  the 
mammalia,  serves  merely  for  the  purpose  of  preventing  the  solution 
of  the  blood-corpuscles,  or  whether  it  does  not,  like  some  other  salts, 
act  as  a  stimulant  on  the  nerves,  and  in  that  manner  influence  the 
composition  of  the  blood,  is  a  question  not  easily  answered. 

Active  Metamorphosis  of  the  blood. 

As  the  plasma  is  subjected  to  a  continuous  change  in  the  peripheral 
qrstem  during  the  nutrition  of  the  tissues,  it  becomes  a  matter  of  ne- 
cessity that  it  should  also  receive  a  continuous  supply.  This  is  afibrd- 
ed  to  it  by  the  chyle,  a  fluid  generally  only  poorjy  supplied  with 
blood-corpuscles,  but  abounding  (at  least  at  certain  times)  in  lymph- 
and  chyle-corpuscles,  and  oil-vesicles,  and  containing  some  fibrin. 
The  chyle  is,  therefore,  not  blood,  although  closely  allied  to  it;  if, 
however,  as  is  generally  believed,  the  chyle  is  the  only  nutriment  of 
the  blood,  it  must  ultimately  be  chanced  into  blood,  and  this  trans- 
formation is  efiected  by  an  increase  of  the  blood-corpuscles,  and  by  a 
diminution  of  the  lymph-,  chyle-,  and  fat-corpuscles,  while  the  fibrin 
is  not  only  increased,  but  becomes  more  plastic.  A  change  must 
therefore  take  place  in  the  blood  itself,  and  this  must  be  not  of  a  pas- 
sive nature,  as  during  nutrition  in  the  peripheral  svstem,  but  active; 
we  must  assume  that  there  is  a  formation  and  development  of  certain 
substances  in  the  blood,  produced  by  a  certain  vital  power  inherent 
in  this  fluid,  with  the  aid  of  necessary  potential  foix;es,  as,  for  instance, 
of  oxygen.  This  change  or  metamorphosis  represents  the  real  vitality 
of  the  olood,  and,  as  far  as  we  at  present  understand  it,  we  may  de- 
scribe it  as  a  process  in  which  not  only  blood-corpuscles  are  formed, 
(by  a  consumption  of  lymph-,  chyle-,  and  fat-globules,}  and  fibrin  is 
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produced,  but  further,  in  which  the  blood-corpuscles  are  again  con- 
sumed ;  for  it  is  obvious  that  if  there  is  a  continuous  process  of  for- 
mation while  their  total  number  remains  nearly  constant,  there  must 
be  a  corresponding  consumption  of  them. 

The  presence  of  atmospheric  oxygen  is  indispensably  reauisite  for 
this  active  metamorphosis  of  the  blood,  and  one  of  the  results  of  this 
chanee  is  an  excretion  of  carbon,  which  combines  with  a  portion  of 
the  absorbed  oxygen,  so  as  to  develop  a  certain  degree  or  warmth. 
The  probability  that  the  chemical  process,  which  occurs  during  nu- 
trition in  the  peripheral  system  by  means  of  the  plasma,  involves  the 
absorption  of  oxygen,  has  been  already  noticed.  The  importance  of 
the  presence  of  oxygen,  for  the  perfect  metamorphosis  of  the  bloody 
indeed  for  life  itself,  is  sufficiently  obvious  from  the  circumstance  that 
the  cessation  of  the  respiratory  process  is  followed  by  immediate  death. 

Although  the  respiratory  process  is  as  necessary  for  the  active 
metamorphosis  of  the  blood  as  for  the  production  of  animal  heat,  yet 
neither  of  these  processes  is  to  be  referred  to  the  lunss  alone,  but  to 
the  whole  peripheral  system.  If  it  were  otherwise,  Uie  temperature 
of  the  lungs  would  be  much  higher  than  it  actually  is;  whereas,  in 
reality,  the  excess  of  temperature  of  those  organs  is  very  slight,  and 
may  probably  be  sufficiently  accounted  for  by  the  more  energetic 
action  of  the  atmospheric  oxygen  on  the  mass  of  the  blood  in  mese 
organs  than  in  other  parts  oi  uie  body. 

I  cannot  give  any  description  of  the  manner  in  which  the  blood- 
corpuscles  are  formed  from  the  consumption  of  lymph-|  chyle-,  and 
fat-corpuscles.  Physiologists  suppose  that  a  capsule,  which  at  first 
is  very  thin,  but  subsequently  becomes  thicker  and  thicker,  is  de- 
veloped around  the  lymph-corpuscle:  this  capsule  is  filled  with  h»> 
mato-globulin,  which  at  first  is  comparatively  colourless,  but  subse- 
quently assumes  a  vivid  red  tint  We  are  perfectly  unable  to  state 
where  the  first  haemato-globulin  is  formed,  but  there  is  no  doubt  that 
the  respiratory  process  is  essential  to  its  production. 

Schultz  and  Henle  have  examined  the  blood-corpuscles  in  their 
various  stages  of  development,  and  have  arrived  at  very  similar  con- 
clusions. Schultz*  observed  ttiat  the  young  corpuscles  were  poorer 
in  colouring  matter  than  the  older  ones,  and  that,  consequently,  the 
nucleus  was  much  more  distinct  The  capsule  becomes  tumid  in 
proportion  to  the  age  and  develt  jpent  of  the  blood-corpuscle,  whilst 
the  nucleus  becomes  gradually  n^lle^  and  in  some  cases  entirely 
disappears.  Water  acts  very  didrerenuy  on  blood-corpuscles  in  dif- 
ferent stages  of  development,  l^he  young  and^ore  delicate  blood- 
corpuscles  are  quickly  and  readily  dilated  by  a '  very  small  quanti^ 
of  water;  they  are  soon  entirely  deprived  of  their  colouring  matter^ 
and  become  perfectly  clear  and  transparent;  whilst  the  (Hder  and 
more  developed  corpuscles  entirely  resist  the  action  of  the  water,  or 
at  the  most  only  become  rounded,  and  do  not  dissolve  except  on  the 

t  Ueber  die  griieiiiinte  and  getteigerte  Aufldfung  und  AuadieidiiiigderTeibiiiiciitaiBkl- 
blibcfaeD.    HiSbrnd*!  Jouxiul  ISS. 
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additioa  of  a  large  quantity  of  water.  They  remarked  at  the  saime 
time  that  the  corpumsles  moat  abundant  in  colouring  matter  frequently 
presented  a  minute  nucleus  up  to  their  final  disappearance;  while 
many  of  the  most  highly  developed  ones  gaye  no  indications  what- 
ever of  a  nucleus. 

That  a  metamorpbosb  of  the  blood-corpuscles  does  occur  cannot 
be  for  a  moment  doubted,  but  with  respect  to  the  peculiar  circum- 
stanoes  under  which  it  is  conducted,  and  to  the  products  that  are  then 
£Nined|  we  know  scarcely  any  thing:  all  that  we  have  been  able  to 
asoertain  with  any  decree  of  certainty  is,  that  oxygen  is  absorbed, 
and  carbon  given  off  during  the  process;  and  the  following  facts  jus- 
tify us  in  this  conclusion: 

a.  Dark  blood,  both  within  the  system  and  out  of  it,  assumes  a 
livdy  reddish  tint  on  being  brought  in  contact  with  oxygen.  This 
change  is  probably  based  on  a  chemical  change  in  the  hasmatin. 

6.  Blood  taken  firom  the  body  and  agitated  with  oxygen  absorbs 
a  certain  portion  of  the  gas,  while  carbonic  acid  is  formed.  The 
mere  serum,  however,  which  contains  no  blood-corpuscles,  absorbs 
only  a  very  little  oxygen,  and  develops  carbonic  acid  in  a  corre* 
sponding  ratio. 

e»  The  consumption  of  oxygen  and  the  formation  of  carbonic  acid 
stand  in  a  direct  ratio  with  the  amount  of  blood-corpuscles  and  with 
the  number  of  respirations  in  a  given  period. 

Henoe,  it  is  obvious  that  the  oxygen  taken  up  by  the  blood  during 
the  respiratory  process,  is,  for  the  most  part,  consumed  in  the  meta- 
morphosis of  the  corpuscles.^ 

*  i^EUsn  116  two  rivtl  theories  mpecting  tiie  manner  in  whidi  ocKjgen  is  taken  np  br  the 
Umq  and  coBwyeJ  to  Ibe  peripheral  syaleni.  LieUg  maintains  ^t  ihis  is  efifeded  sole^  Ir^ 
(hs  iraQ  in  the  oorpnadBt,  while  Mulder  lefers  it  entiit^y  to  the  oxidation  of  protein-conqiounds. 
Lirfw  aaeerts  tfuit  the  oorpnades  of  arterial  Uood  contain  peroxide  of  iron;  that,  in  tbeir  pas- 
«fe  mioag^  tfie  capiDaiies,  they  lose  a  portion  of  their  oxygen  and  ooo^ane  with  carbonic 
lai,  m  nit,  in  the  venona  qr*tein»  ^hey  no  ^oof/x  contain  peroxide,  bat  caibonate  of  the  pro- 
tonde  of  ivoii.  When  they  reach  tfie  hmga,  an  exchange  takes  niaoe  between  the  carbonic 
acid  of  the  fakod  and  tfie  oxygen  of  the  atmoqiheTe.  Mulder,  on  toe  other  hand,  denies  that 
the  Moodconoades  are  copfeyew  of  oxygen,  and  that  iron  is  ozidfaed  during  respiration,  as 
mmBMBdhf^  Lidbig, and  he  founds  his conchiwions on  the  following  grounds: 

c  The  iron  k  so  jntimatflly  connected  with  fee  other  elements  ofhcnatin  that  it  cannot  be 
uuMiiiid,  even  by  long  ^gestion  of  feif  conatitoent  in  dilate  hydrochloric  or  ralphuric  add. 
(Vide  emm,  j>.  41.)  Consequentfy  it  is  highly  improbable  diat  it  should  be  oxidised  m  the 
taagSi  Lisbtg,  indeed,  observM^  tMt  dEute  acidi  remove  iron  firom  dried  Uood,  but  Mulder 
geti  over  this  difficolty  by  ebowing  tbitt  dlher^pjM^tuents  of  the  bk)od,  beades  the  ookwring 
BMtler  contain  diia  metal,  appaientrf  in  an  oxidicAstate. 

fmUftm  Liebig  sskiIs,  peroxide  of  iron  exists  imrterial,  and  carbonate  of  protoxide  of  iron 
in  ytmam  Uood,  ahnoet  any  dilute  acid  would  be  capable  of  extracdng  tfie  oxide,  fdiich  we 
haae  dbown  not  to  be  the  case. 

y.  AanrnhM,  widi  Liebk,  that  the  inn  exists  in  arterial  Uood  as  a  peroxide,  the  oiganic 
pert  of  hnoadii  woald  be  dSShent;  instead  of.being  C,,  H^  N.  O.,  it  would  be  2  (C,  H^ 
ir.O.Fe)--Fe,0^or2(C,,H^N,0    ')  **     "    '    •  '*     - 

^.  TliepiMiblytf  its  exislenoe  ma  metaUie  state  has  been  abeadyihown.  (Videsupta, 

a.  liieaamitofhnnatm  in  the  whole  mass  of  the  Uood  is  &r  too  inooneideraUe  tocany 
a  due  mnply  of  e^rsn  to  the  whoie  system. 

Mulders  thsonr  has  been  alluded  to  m  an  earir  part  of  this  woric.    (Vide  supea,  p,  12, 
note.)    VVe4Mhs«eoocssiantonotioeitatsomeuQgthinoar<terfatknsQQt^ 
bnwen  tftaU  and  wnoos  Uood] 
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The  development  of  the  blood-corpuscles  is  doubtless  conducted 
on  the  same  principle  as  that  of  other  cells;  i.  e.  the  blood-corpuscles 
exert  a  transformins  influence  on  the  surrounding  plasma;  they  select 
from  it  the  materials  requisite  for  their  development,  and  reject  the 
non-homologous  products  that  are  formed  in  it  Amongst  the  mat- 
ters that  are  taken  up  there  must  be  always  free  oxygen. 

During  the  latter  stages  of  development  of  the  blood-corpuscles 
up  to  their  final  solution,  they  must  undergo  so  thorough  a  change 
as  to  leave  no  remains  of  their  principal  constituents,  the  haemato- 
globulin,  the  nuclei,  and  the  capsules,  for  not  a  trace  of  these  sub- 
stances is  found  either  in  the  plasma  or  in  any  of  the  secreted  or 
excreted  fluids,  in  which  we  should  naturallv  expect  to  find  them. 
It  is  altogether  impossible  to  state  how  this  change  takes  place;  this, 
however,  is  evident,  that  if  the  metamorphosis  of  the  blood-corpuscles 
terminates  in  their  perfect  solution,  both  the  capsule  and  the  nucleus 
must  be  entirely  dissolved,  and  neither  haematin  nor  globulin  can  be 
contained  in  it  at  the  moment  of  solution.  What  the  products  of 
this  change  actually  are  is  very  difficult  to  determine  with  any  d^ree 
of  certainty. 

Transitory  combinations  with  a  brief  existence  may  be  produced, 
or  compounds  may  be  formed,  which  undergo  a  fuither  decompo- 
sition in  certain  organs.  It  is  very  probable  that  substances  closely 
resembling  the  extractive  matters  are  formed  in  the  metamorphosis  of 
the  blood  corpuscles,  by  the  decomposition  of  which,  urea  or  uric  acid 
are  produced,  so  that  by  the  influence  of  a  certain  organ  (the  kidney) 
the  compound  is  separated  into  those  substances,  and  another  form 
of  extractive  matter.  It  may  further  be  presumed  that  the  compo- 
sition of  haemaphaein  is  such  as  to  include  the  constituents  of  biliphaein, 
and  that  the  hepatic  cells  possess  the  power  of  secreting  the  biliphein 
from  it 

Combinations  may  likewise  be  formed  of  which  we  know  actuallv 
nothing;  for  the  blood  has  not  yet  been  sufficiently  examined. 
These  points  need  not  engross  our  consideration  at  present;  and  I 
will  only  remark,  that  in  my  attempt  to  prove  that  the  fibrin  and 
hsemaphein  of  the  plasma,  the  urea,  uric  acid,  bilin  and  its  acids,  the 
bilipha&in,  and  certain  acid  fats,  are  products  of  the  metamorphosis  of 
the  blood-corpuscles,  I  by  no  means  conclude  that  they  are  the  onijf 
products;  in  fact,  I  freely  grant  my  assent  to  the  possibility  of  many 
others. 

The  blood  contains  a  certain  amount  of  fibrin,  varyine  from  *2  to 
•9,  or  according  to  Andral  even  to  1*0^,  which  on  whipping  is  sepa- 
rated in  thickbh,  globular,  elastic,  stringy  masses;  the  chyle  appears 
from  my  analyses  to  contain  not  more  than  from  -02  to  -04}  of  fibrin, 
which,  in  consequence  of  its  slight  tenacity  separates  on  whipping 
into  loose  and  globular,  or  else  into  flocculent  mucous  masses. 
Fibrin  is  therefore  obviously  formed  in  the  active  metamorphosis  of 
the  blood ;  and  that  portion  which  pre-exists  in  the  chyle  is  modified 
and  rendered  more  plastic.    It  is  a  well-known  fact  that  the  respiratory 
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process  not  only  increases  the  plasticity  of  fibrin  in  the  blood,  but 
also  its  quantity,  and  that  on  the  other  hand  the  amount  of  fibrin  di- 
miniflhes  in  blood  which  is  not  efficiently  brought  in  contact  with 
oxygen.  As  the  blood-corpuscles  principally  consume  oxygen  during 
their  change^  it  appears  very  probable  that  the  fibrin  is  produced 
during  this  process. 

This  yiew  is  elucidated,  and  I  may  say  confirmed,  by  my  analy- 
ses of  the  blood,  in  which  it  appears  that  with  very  few  exceptions, 
the  amount  of  fibrin  always  varies  inversely  with  the  mass  of  the 
blood -corpuscles,  or,  in  other  words,  that  the  more  corpuscles  there 
are,  the  less  in  quantity  is  the  fibrin,  and  vice  vend.  This  fact  is 
readily  explained  by  the  adoption  of  the  view  that  fibrin  is  formed 
from  the  blood-corpuscles;  for  it  is  obvious  that  the  quantity  of  fibrin 
in  the  plasma  must  increase  during  an  extraordinary  consumption  of 
the  corpuscles. 

Let  us  now  inquire  which  of  the  constituents  of  the  blood-corpua- 
des  has  been  employed  in  the  production  of  that  most  essential  in- 
gredient of  the  plasma,  the  fibrin?  It  can  hardly  be  the  globulin, 
for  that  forms  from  4  to  10^  of  the  blood,  and,  being  a  protein-com- 
pound, is  so  intimately  connected  in  its  chemical  relations  to  fibrin, 
that  if  we  were  to  suppose  that  it  were  converted  into  fibrin,  we 
should  expect  to  meet  with  a  much  greater  quantity  of  this  latter 
constituent  in  the  blood  than  we  find  actually  existing;  still  less  can 
It  be  the  haematin ;  indeed,  the  use  of  this  appears  to  be  tofaeiliiaie 
and  to  maintain  the  independent  metamorphosis  of  the  blood- 
corptiscleSj  through  its  energetic  capacity  for  the  absorption  of 
oxygen^  and  through  its  own  metamorphosis^  instead  of  forming  a 
product  for  the  further  nutrition  of  tlie  plasma.  The  capsules  and 
the  nuclei  still  remain  for  consideration.  Of  the  former  we  know 
very  little,  but  the  latter  actually  possess  chemical  characters  which 
approximate  them  to  fibrin,  so  that  there  is  no  impediment  to  the 
supposition  that  this  important  constituent  of  the  blood  is  formed 
from  the  nuclei  by  a  metamorphic  process,  accompanied  probably  by 
the  absorption  of  oxygen  and  the  separation  of  carbon. 

The  nuclei  may  be  distinctly  seen  in  young  blood-corpuscles,  but 
in  the  process  of  development  they  become  smaller,  and,  according 
to  Schultz  and  Henle,  as  the  final  solution  of  the  blood-corpuscl'bs 
approaches,  they  altogether  disappear;  hence  the  metamorphosis  of 
the  nuclei  is  by  no  means  sudden,  but  progresses  with  the  develop- 
ment of  the  blood-corpuscles. 

Burdach,^  R.  Wa^er,'  and  Valentin^  are  of  opinion,  that  as  long 
as  the  blood-corpuscles  circulate  in  the  living  body,  they  possess  no 
nucleus,  and  that  this  is  only  formed  at  the  instant  that  the  blood- 
corpuscle  is  removed  from  the  circulation.  R.  Wagner  found  that 
nuclei  were  formed  by  the  mere  contact   of  the    blood-corpuscles 


-  -,-^„Tj-^  vol.  4,  nx  27  and  94. 

•  BciMflB  car  vergSeicheoden  Physologie  des  Blotes,  1838,  p.  14. 

•  Handbucfa  der  EntwickdnngigeKfaichte  des  MenKhen,  p.  896. 
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with  atmospheric  air.  This  is  a  further  point  of  analogy  between 
the  nuclei  and  the  fibrin  of  the  plasma;  and  if  we  coula  only  suc- 
ceed in  observing  the  unequivocal  reappearance  of  a  nucleus  in  a 
blood-corpuscle  removed  from  the  body,  and  in  which,  on  account 
of  its  advanced  development,  the  nucleus  had  undergone  solution, 
we  might  then,  in  my  opinion,  consider  that  the  change  of  the  nu« 
clei  into  fibrin  was  sufficiently  established,  especially  when  we  re- 
flect that  no  other  constituent  of  the  blood  possesses  the  extremely 
characteristic  property  of  being  retained  in  solution  in  living  blood, 
and  of  separating  into  an  insoluble  mass  as  soon  as  the  vitality  of  the 
fluid  is  destroyed. 

If  we  assume  that  the  fibrin  is  formed  in  this  manner,  it  follows 
that  the  amount  of  fibrin  must  always  stand  in  an  inverse  ratio  to 
that  of  the  blood-corpuscles ;  and  this  is  in  reality  the  case^ — that 
whenever  the  activity  of  the  metamorphosis  is  increased,  the  amount 
of  fibrin  must  likewise  increase;  and  further,  that  whenever  the 
blood  is  hindered  in  its  circulation,  or  its  supply  of  oxygen  is  stopped 
or  lessened,  the  amount  of  fibrin  must  dimmish.  All  these  conse* 
quences  really  take  place.  Blood  that  stagnates  in  the  vessels  loses 
fibrin,  for  it  is  consumed,  while  no  fresh  supply  can  be  formed. 
Menstrual  blood,  and  the  blood  in  melaena  contain  no  fibrin  ;^  and  I 
shall  subsequently  refer  to  other  similar  cases. 

Let  us  now  proceed  with  the  metamorphosis  of  tho  blood-corpus- 
cles; the  next  question  for  consideration  is  this:  What  changes  do 
the  hmmatin  and  fclobuUn  undergo}  It  has  been  already  shown 
that  both  these  substances  must  undergo  an  entire  change  during  the 
period  of  development  of  the  blood-corpuscles,  that  terminates  in 
their  consumption  or  solution.  The  plasma  contains  a  peculiar  co- 
louring matter,  hasmaphsin,  to  which  it  owes  its  yellowish  colour,* 
and  which  cannot  accumulate  in  it  beyond  a  certain  amount,  because 
it  is  continuously  removed  by  the  kidneys;  it  is,  in  fact,  this  consti- 
tuent that  gives  the  yellow  or  yellowish-brown  tint  to  the  urine. 

It  can  hardly  be  doubted  that  the  hasmaphaein  is  a  product  of  the 
metamorphosis  of  the  haematin ;  especially,  if  it  can  be  proved  that  it 
is  formed  solely  from  the  blood-corpuscles,  and  that  it  is  contained 
in  them  to  a  large  amount.  We  can  obtain  from  the  serum  only 
slight  traces  of  hasmaphaein,  but  the  clot  yields  a  considerable  amount 
of  colouring  matter,  which  must  be  therefore  contained  in  the  blood- 
corpuscles.  The  hasmaphaein  is  formed  from  the  haematin  during 
the  development  of  the  blood-corpuscles,  and  the  chan^  is  probably 
accompanied  by  an  absorption  of  oxygen  and  a  separation  of  carbon ; 
the  youngest  blood-corpuscles  must  consequently  contain  less  has- 

1  [That  the  meofltnal  dncfattge  does  ouatumkHy  contain  fibrin  wiD  be  ahown  in  a  faibaan 
part  of  this  work.] 

s  When  the  aenim,  after  the  aeparatioQ  of  the  dot,  is  of  a  leddirfi  tin^  which  h  not  onfie- 
quently  tMd  case,  blood-corptiacles  are  suspended  in  it  In  ictenia  Ae  senun  is  often  of  a 
brownish  led  oclonr,  in  oonaequenoe  of  the  pvesenoe  of  biliphein;  in  this  case  the  colonr  ra» 
pidlj  changes  into  a  greeni  on  the  addition  of  nitrie  add. 
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maphaein  than  those  that  are  older;  and  when  the  act  of  development 
terminates  in  their  solution,  they  no  longer  possess  any  haematin, 
but  only  haemapha&in.  In  a  normal  state,  the  consumption  and  pro- 
duction of  the  blood-corpuscles  must  be  nearly  balanced,  and  conse- 
quently the  proportion  of  the  haematin  to  the  haemaphasin  will  re- 
main tolerably  constant;  when  the  metamorphosis  of  the  blood  ia 
accelerated  (i.  e.  when  the  circulation  is  quickened,  and  the  mutual 
action  between  the  blood  and  oxygen  is  increased)  more  blood-cor- 
puscles will  be  consumed  in  a  given  time  than  in  the  normal  state, 
and  the  consumption  will  especially  include  the  older  ones  which 
abound  in  colouring  matter,  and  which  in  their  development  are  ap- 
proximating to  the  stage  of  solution. 

In  these  cases  there  is,  therefore,  not  merely  a  diminution  of  the 
quantity  of  the  blood-corpuscles,  but  likewise  of  the  colouring  mat- 
ter contained  therein,  since  the  corpuscles  that  remain  are  young  and 
deficient  in  colouring  matter,  containing,  in  addition  to  hasmatin, 
only  a  very  small  quantity  of  haemaphaein.  If  the  circulation  of  the 
blood  is  impeded  in  any  part  of  the  body,  and  it  is  prevented  from 
receiving  its  due  supply  of  oxygen,  the  metamorphosis  will  likewise 
be  impeded  and  rendered  imperfect ;  the  matured  blood-corpuscles 
which  are  approaching  the  stage  of  solution  will  not  be  dissolved, 
and  there  will  consequently  be  an  accumulation  of  colouring  /natter, 
especially  of  haemaphaein,  which  is  the  most  abundant  pigment  in  the 
matured  corpuscles. 

All  these  appearances  are  actually  observed.  I  shall  be  able  to 
demonstrate  that,  in  inflammatory  affections,  (when  the  metamorphosis 
of  the  blood  is  excited  to  increased  activity  m  consequence  of  the  ac- 
celerated circulation  and  the  increased  mutual  action  of  the  blood  and 
oxygen,)  there  is  only  a  small  amount  of  colouring  matter  present  in 
the  blood,  and  that,  in  all  probability,  haemaphasin  constitutes  but  a  mi- 
nute portion  of  the  little  that  does  exist;  while,  on  the  other  hand,  in 
blood  which  is  retained  in  the  body  without  being  submitted  to  the 
due  action  of  oxygen,  in  which  the  perfect  metamorphosis  is  checked, 
and  the  corpuscles  are  not  dissolved,  as  in  melasna  and  in  morbus 
maculosus,  there  is  a  great  excess  of  hasmaphaein.  The  colouring 
matter  may  also  accumulate  when  organs  that  take  an  active  part  in 
the  metamorphosis  of  the  blood  are  affected,  as  I  have  observed  in 
morbus  Brightii. 

I  shall  now  proceed  to  show  that  it  is  much  more  probable  that 
such  substances  as  urea,  uric  acid,  and  bilin,  which  are  definite  com- 
pounds secreted  in  a  nearly  constant  ratio  by  peculiar  organs,  should 
be  products  of  the  active  metamorphosis  of  the  blood-corpuscles, 
than  that  they  should  be  formed  during  the  metamorphosis  of  the 
plasma  in  connexion  with  the  process  of  nutrition. 

It  is  but  reasonable  to  infer  that  such  substances  as  urea,  uric  acid, 
and  bilin,  which  are  separated  in  large  quantity  by  the  kidneys  and 
liver  from  the  blood,  should  be  products  of  the  metamorphosis  of  a 
substance  of  an  invariably  uniform  composition.     In  every  class  ol 
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with  fttmospheric  air.  This  is  a  further  point  of  analocy  between 
the  nuclei  and  the  fibrin  of  the  plasma;  and  if  we  couM  only  sae*- 
ceed  in  obsenring  the  unequivocal  reappearance  of  a  nucteos  in  a 
blood-corpuscle  removed  from  the  body,  and  in  which,  on  account 
of  its  advanced  development^  the  nucleus  had  undergone  solution, 
we  might  then,  in  my  opinion,  consider  that  the  change  of  the  nu- 
clei into  fibrin  was  sufficiently  established,  especially  when  we  re- 
flect that  no  other  constituent  of  the  blood  possesses  the  extremely 
characteristic  property  of  being  retained  in  solution  in  living  blood, 
and  of  separating  into  an  insoluble  mass  as  soon  as  the  vitality  of  the 
fluid  is  destroyed. 

If  we  assume  that  the  fibrin  is  formed  in  this  manner,  it  follows 
that  the  amount  of  fibrin  must  always  stand  in  an  inverse  ratio  to 
that  of  the  blood-corpuscles;  and  this  is  in  reality  the  case^— that 
whenever  the  activity  of  the  metamorphosis  is  increased,  the  amount 
of  fibrin  must  likewise  increase;  and  further,  that  whenever  the 
blood  is  hindered  in  its  circulation,  or  its  supply  of  oxygen  is  stopped 
or  lessened,  the  amount  of  fibrin  must  dimmish.    All  these  conse* 

Juences  really  take  place.  Blood  that  stagnates  in  the  vessels  loses 
brin,  for  it  is  consumed,  while  no  fresh  supply  can  be  formed. 
Menstrual  blood,  and  the  blood  in  melaena  contain  no  fibrin  ;^  and  I 
shall  subsequently  refer  to  other  similar  cases. 

Let  us  now  proceed  with  the  metamorphosis  of  tho  blood-corpus- 
cles; the  next  question  for  consideration  is  this:  What  changes  do 
the  hmmatin  and  fchbulin  undergo}  It  has  been  already  shown 
that  both  these  sulMtances  must  undergo  an  entire  change  during  the 
period  of  development  of  the  blood-corpuscles,  that  terminates  in 
their  consumption  or  solution.  The  plasma  contains  a  peculiar  co- 
louring matter,  haBmaphsin,  to  which  it  owes  its  yellowish  colour,* 
and  which  cannot  accumulate  in  it  beyond  a  certain  amount,  because 
it  is  continuously  removed  by  the  kidneys;  it  is,  in  fiict,  this  consti- 
tuent that  gives  the  yellow  or  yellowish-brown  tint  to  the  urine. 

It  can  hardly  be  doubted  that  the  hasmaphaein  is  a  product  of  the 
metamorphosis  of  the  haematin ;  especially,  if  it  can  be  proved  that  it 
is  formed  solely  from  the  blood-corpuscles,  and  that  it  is  contained 
in  them  to  a  large  amount.  We  can  obtain  from  the  serum  only 
slight  traces  of  hasmaphaein,  but  the  clot  yields  a  considerable  amount 
of  colouring  matter,  which  must  be  therefore  contained  in  the  blood- 
corpuscles.  The  haBmaphaein  is  formed  from  the  haematin  during 
the  development  of  the  blood-corpuscles,  and  the  chan^  is  probably 
accompanied  bv  an  absorption  of  oxygen  and  a  separation  of  carbon; 
the  youngest  nlood-corpuscles  must  consequently  contain  less  hse- 

<  [That  the  meofltnal  dncfattge  doei  oceoMumtUly  contain  fibrin  wiD  be  ahown  in  a  fotom 
part  of  this  work.] 

s  When  the  aenim,  after  the  aeparatioQ  of  the  dot,  is  of  a  leddirfi  tin^  which  is  not  onfie- 
quentl^  the  case,  blood-corptiacles  are  suspended  in  it  In  ictenis  the  senun  is  often  of  a 
browniah  red  oolaiir,  in  consequence  of  the  presence  of  biliphein;  in  this  case  the  cokmr  ra* 
pidlj  changes  into  a  green,  on  the  addition  of  nitric  add. 
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maphaein  than  those  that  are  older;  and  when  the  act  of  development 
terminates  in  their  solution,  they  no  longer  possess  any  haematin, 
but  only  haemapha&in.  In  a  normal  state,  the  consumption  and  pro- 
duction of  the  blood-corpuscles  must  be  nearly  balanced,  and  conse- 
quently the  proportion  of  the  hsmatin  to  the  haemaphaein  will  re- 
main tolerably  constant;  when  the  metamorphosis  of  the  blood  is 
accelerated  (i.  e.  when  the  circulation  is  quickened,  and  the  mutual 
action  between  the  blood  and  oxygen  is  increased)  more  blood-cor- 
puscles will  be  consumed  in  a  given  time  than  in  the  normal  state, 
and  the  consumption  will  especially  include  the  older  ones  which 
abound  in  colouring  matter,  and  which  in  their  development  are  ap- 
proximating to  the  stage  of  solution. 

In  these  cases  there  is,  therefore,  not  merely  a  diminution  of  the 
quantity  of  the  blood-corpuscles,  but  likewise  of  the  colouring  mat- 
ter contained  therein,  since  the  corpuscles  that  remain  are  young  and 
deficient  in  colouring  matter,  containing,  in  addition  to  hasmatin, 
only  a  very  small  quantity  of  haemaphaein.  If  the  circulation  of  the 
blood  is  impeded  in  any  part  of  the  body,  and  it  is  prevented  from 
receiving  its  due  supply  of  oxygen,  the  metamorphosis  will  likewise 
be  impeded  and  rendered  imperfect;  the  matured  blood-corpuscles 
which  are  approaching  the  stage  of  solution  will  not  be  dissolved, 
and  there  will  consequently  be  an  accumulation  of  colouring  /natter, 
e^iecially  of  haemaphaein,  which  is  the  most  abundant  pigment  in  the 
matured  corpuscles. 

All  these  appearances  are  actually  observed.  I  shall  be  able  to 
demonstrate  that,  in  inflammatory  affections,  (when  the  metamorphosis 
of  the  blood  is  excited  to  increased  activity  in  consequence  of  the  ac- 
celerated circulation  and  the  increased  mutual  action  of  the  blood  and 
oxygen,)  there  is  only  a  small  amount  of  colouring  matter  present  in 
the  blood,  and  that,  in  all  probability,  haemaphaein  constitutes  but  a  mi- 
nute portion  of  the  little  that  does  exist;  while,  on  the  other  hand,  in 
blood  which  is  retained  in  the  body  without  being  submitted  to  the 
due  action  of  oxygen,  in  which  the  perfect  metamorphosis  is  checked, 
and  the  corpuscles  are  not  dissolved,  as  in  melaena  and  in  morbus 
maculosus,  there  is  a  great  excess  of  haemaphaein.  The  colouring 
matter  may  also  accumulate  when  organs  that  take  an  active  part  in 
the  metamorphosis  of  the  blood  are  affected,  as  I  have  observed  in 
morbus  Brightii. 

I  shall  now  proceed  to  show  that  it  is  much  more  probable  that 
such  substances  as  urea,  uric  acid,  and  bilin,  which  are  definite  com- 
pounds secreted  in  a  nearly  constant  ratio  by  peculiar  organs,  should 
be  products  of  the  active  metamorphosis  of  the  blood-corpuscles, 
than  that  they  should  be  formed  during  the  metamorphosis  of  the 
plasma  in  connexion  with  the  process  of  nutrition. 

It  is  but  reasonable  to  infer  that  such  substances  as  urea,  uric  acid, 
and  bilin,  which  are  separated  in  large  quantity  by  the  kidneys  and 
liver  from  the  blood,  should  be  products  of  the  metamorphosis  of  a 
substance  of  an  invariablv  uniform  composition.     In  every  class  ol 

12* 


138  CIRCULATIHO  FLUIDS. 

animals^  in  the  most  varied  forms  of  existence,  under  the  most  oppo- 
site kinds  of  food,  we  find  that  the  bile  is  a  secretion  of  the  liver; 
whilst  amongst  all  the  higher  classes  of  animals  and  many  of  the 
lower,  urea  and  uric  acid,  or  one  of  the  two,  occur  as  a  constant  se- 
cretion of  the  kidney.^  It  seems  opposed  to  all  reason  to  iroaeine 
that  in  animals  as  different  in  structure  as  they  are  opposite  in  meir 
habits  of  life,  and  under  every  possible  variation  of  circumstances, 
these  fixed  and  definite  compounds  should  be  products  of  the  meta- 
morphosis of  the  plasma  during  the  nutrition  of  every  form  of  tissue. 
It  is,  however,  easy  to  conceive  that  the  corpuscles  which,  although 
different  in  their  form,  are  similar,  if  not  identical,  in  their  chemical 
constitution,  in  the  blood  of  all  these  animals,  should,  under  similar 
conditions,  yield  similar  products  as  the  result  of  their  metamoiphosis, 
and  that  these  products  should  take  the  form  of  urea,  uric  acid,  and 
bilin.  This  consideration  alone  is  deserving  of  much  weight  in  sup- 
port of  the  view  that  I  am  now  advocating.  If  the  urea,  uric  acid, 
and  bilin  were  formed  in  accordance  with  the  other  hypothesis,  their 
production  would  be  increased,  diminished,  or  stopped,  according  as 
nutrition  was  proceeding  favourably,  was  deficient,  or  was  entirely 
checked,  as  happens  in  certain  disorders.  But  it  is  well  known  that 
(he  production  of  these  substances  is  by  no  means  dependent  on  such 
circumstances.  The  secretion  of  urea,  uric  acid,  and  bile  proceeds, 
both  in  man  and  animals,  when  the  tissues  are  gradually  wasting  from 
disease,  and  when  their  nutrition  is  utterly  suspended;  they  are  se- 

S rated  long  after  the  body  has  ceased  to  take  any  food  whatever,  in 
;t,  as  long  as  respiration  and  even  life  itself  remains,  the  only  ne- 
cessary condition  being  the  healthy  state  of  the  secreting  organs.  I 
have  had  several  opportunities  of  examining  the  urine  during  inflam- 
matory diseases,  both  before  and  during,  or  shortly  after  the  height  of 
the  attack,  and  have  found  that,  in  the  latter  case,  there  was  aUrayB 
a  greater  amount  of  urea  than  in  the  former.  This  is  easily  explained 
by  the  consideration  that  the  active  metamorphosis  of  the  blood-cor- 
puscles is  accelerated  by  an  excited  inflammatory  state,  and  that,  con- 
sequently, a  larger  number  of  the  corpuscles  is  consumed  during  a 
given  time,  than  in  the  ordinary  condition  of  the  system. 

Mjr  analyses  of  the  blood  are  even  more  confirmatory  than  any  of 
the  preceding  statements,  of  the  production  of  these  substances  during 
the  active  metamorphosis  of  the  corpuscles. 

I  analyzed  the  blood  of  the  aorta  and  vena  renalis  of  one  animal, 
and  the  blood  of  the  vena  portarum  and  vena  hepatica  of  another  ani*  , 
mal,  with  the  following  results:' 

1  MuDei'8  Hsndbucfa  der  Pir^aologie,  toL  1,  pp.  515  and  588. 

"  In  die  first  sna^ym,  the  venous  blood  fipom  both  Ae  renal  veint  was  collected.  The 
amount,  although  small,  was  sufficient  for  the  requhed  puipose.  Vi^iBmn  Qvait,  of  our  ve* 
terinaxy  sdiod,  had  the  kindness  to  obtain  the  blood  for  me. 
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Here  we  observe  that  the  arterial  blood  contains  more  water  than 
the  blood  of  the  renal  vein,  and  that  the  blood  of  the  vena  portarum 
contains  more  than  that  of  the  vena  hepatica;  the  arterial  blood  and 
the  blood  of  the  vena  portarum  contain  a  larger  amount  of  fibrin  than 
the  blood  from  the  renal  and  hepatic  veins  respectively.  The  blood 
of  the  renal  vein  containft.]nore  albumen  and  fewer  blood-corpuscles 
than  arterial  blood,  and  a  similar  relation  holds  good  between  the  blood 
of  the  hepatic  vein  and  of  the  vena  portarum.  Passing  over  all  other 
points  of  diflference,  the  results  at  which  we  have  already  arrived  af- 
ford an  U  priori  argument  for,  and  a  confirmation  of,  my  theory  re- 
specting the  formation  of  urea,  uric  acid,  and  bile,  from  the  corpuscles 
during  the  active  metamorphosis  of  the  blood. 

Since  the  kidneys  and  the  liver  secrete  fluids  from  the  blood  of  less 
specific  gravity  than  the  blood  itself,  it  is  clear  that  in  its  passage 
through  these  organs  it  must  become  richer  in  solid  constituents  than 
before  it  entered  them;  moreover,  as  in  its  circulation  through  these 
organs  it  meets  with  no  free  oxygen,  it  must  be  poorer  in  fibrin  when 
it  leaves  them  than  on  its  entrance. 

The  change  that  the  blood  undergoes  in  these  organs,  is,  however, 
by  no  means  so  simple  as  it  might  appear  to  be,  and  as,  in  fact,  these 
analyses  might  lead  us  to  conceive.  There  result  from  it  the  pro- 
ducts of  the  metamorphosis  of  the  corpuscles,  or  of  the  compounds 
that  are  formed  from  them,  as  well  as  of  the  plasma,  during  the  nu- 
trition of  these  organs.  The  excess  of  albumen  in  the  blood  of  the 
renal  and  hepatic  veins  is  clearly  opposed  to  the  view  that  the  urea 
and  bilin  are  formed  from  the  plasma. 

It  is  sufficiently  established  that  the  renal  cells  possess  the  power 
of  removing  an  excess  of  salts  and  water  from  the  blood,  in  the  same 
manner  as  the  hepatic  cells  separate  fat 

I  bee  expressly  to  repeat,  that  I  do  not  regard  the  urea,  uric  acid, 
and  bilin,  as  the  only  substances  that  are  formed,  besides  fibrin  and 
hsemaphsein,  during  the  active  metamorphosis  of  the  blood-corpuscles; 

1  TYm  wiiok  amount  of  Uood  fipom  bodi  renal  ^eins  did  not  exceed  axteen  grainy  a  qoantilv 
not  aofBcknfly  hagd  to  admit  of  the  detennination  of  tbe  fibrin  by  wfamping.  I  eaxaujeA  it 
m  deliuiinmg  Ihe  mtio  of  the  albamen  to  the  dried  xeadue,  and  iband  that  whife  me  aortic 
blood  rtmu^mmA  43,  the  blood  of  ito  nnal  vtam  contained  44-7^  of  attnimen. 
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on  the  contrary,  I  am  of  opinion  that  other  substances  are  likewise 
produced,  regarding  the  formation  of  which  we  might  speak  with 
greater  certainty  if  almost  every  thing  regarding  them  were  not  based 
on  mere  conjectures.  It  is,  for  instance,  very  probable  that  a  portion 
of  the  globulin  is  converted  into  albumen,  which,  since  both  substances 
are  protein-compounds,  might  happen  in  two  ways,  either  by  a  por- 
tion of  the  phosphorus,  or  sulphur,  being  oxydized,  if  globulin  con- 
tain more  of  those  elements  than  albumen;  or  if,  on  the  other  hand, 
it  contain  less,  by  the  globulin  dividing  into,  for  instance,  one-half  or 
one-third  of  a  protein -compound  with  dl  the  phosphorus  and  sulphur, 
and  into  one-half  or  two-thirds  of  a  protein-compound  devoid  of  phos- 
phorus and  sulphur,  which  then  undergoes  further  metamorphosis. 
The  fat,  which  is  more  abundant  in  the  blood-corpuscles  than  in  the 
serum,  must  likewise  undergo  a  change.  The  fat  of  the  serum  ap- 
pears to  be  softer  than  that  of  the  corpuscles,  while  that  of  the  fibrin 
is  firm  and  white.  In  all  of  them  there  is  cholesterin,  margaric  and 
oleic  acids.  Berzelius  could  detect  no  phosphorus  in  the  fat  of  fibrin; 
neither  did  Lecanu  find  any  in  the  fat  of  the  serum.  The  fat  con- 
taining phosphorus,  which  Boudet  found  in  the  blood,  must  belong  to 
the  corpuscles.  We  cannot  form  any  very  clear  idea  of  the  manner 
in  which  these  metamorphoses  are  conducted;  it  is,  however,  pro- 
bable that  the  phosphorised  fats  are  conducted  to  the  brain.  Since 
the  fats  that  are  taken  as  food  consist,  for  the  most  part,  of  stearin, 
margarin,  and  olein,  it  would  appear  as  if  fatty  acids  y  were  formed 
from  them  by  a  process  of  oxydation  during  the  succeeding  formation 
of  blood-corpuscles,  and  the  consumption  of  lymph-,  chyle-,  and  oil- 
globules. 

The  elementary  composition  of  many  of  the  substances  that  are 
formed  from  the  blood,  and  of  some  that  occur  in  it,  are  known  to 
us,  but  of  the  greater  number  of  the  matters  that  are  produced  during 
its  metamorphosis,  particularly  of  the  extractive  matters,  we  ar^  en- 
tirely ignorant. 

The  extremely  high  atomic  numbers  of  many  of  these  substances, 
as,  for  instance,  of  the  protein-compounds,  renders  it  very  probable 
that  each  atom  is  decomposed  into  various  new  atoms  of  less  atomic 
weight  We  are,  however,  at  present  entirely  deficient  in  many  of 
the  requisite>data,  in  our  knowledge  regarding  tlie  connecting  links, 
as,  for  instance,  of  the  composition  of  the  extractive  matters,  of  the 
different  tissues,  &c.,  without  which  even  a  superficial  insight  into 
the  nature  of  the  metamorphosis  of  the  blood  cannot  possibly  be  ob- 
tained. 

With  the  scanty  materials  in  our  possession,  we  may  nevertheless 
attempt  an  ideal  sketch  of  the  metamorphic  action  that  goes  on  in  the 
blood,  the  conditions  being  that  there  is  an  absorption  of  oxygen,  and 
that  carbon  is  given  off;  it  will,  at  any  rate,  afford  an  illustration  of 
the  facility  with  which  such  equations  may  be  deduced,  and  of  the 
slight  degree  of  confidence  that  should  be  placed  on  their  interpreta- 
tion, unless  they  are  tested  by  established  facts. 
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We  may,  for  instance,  suppose  that  4  equiir^  of  the  organic  portion 
of  haematio  (C^  H^  N^  0^,)  by  the  absorption  of  oxygen,  will  be 
decomposed  into  choleic  acid,  uric  acid,  urea,  and  carbonic  acid. 
Thus— 

leJlt'S^.  :  ^"•«-^"8::J-c.,.H..N..o 

Likewise, 

9  At  Choleic  add    -    C„  H„  N,  O 
lAtUricadd    -    -    C    ~     '"   ^^ 


!•• 


3  At  Urea     -    -    -    C,  H..  N.  Ol    f  ■=^««  "••  *^«  ^«m 

76  At  CaxiMDie  add  -    C. 


We  can  also  show  how  chondrin  may  be  supposed  to  be  formed 
from  protein  by  the  addition  of  oxygen  and  hydrogen:  for. 


4AtFrolem    •    C„,  H„,  N^  0„ 


6  At  Water     -  H,  O,  Sa-5  (C^  H^  N,  0„)  =  5  At  Chondrin. 

16  At  Oxygen   -  0„) 

We  may,  in  a  similar  manner,  conceive  that  glutin,  urea,  and  lactic 
acid  are  formed  from  protein  by  the  absorption  of  oxygen,  and  the 
liberation  of  carbonic  acid;  for, 

2  At  Protein    -    -    -    C,,  H-.  N-,  O^  I  -.,  p    n     n    n 
46  At  Oxygen  .    ..••*•     **  oj^  J  ■="  ^"  ^«  ^"  ^ 

Likewise, 

2  At  Glutin    -    -    -  C^  H-,  N^  O, 

3AtUrea-    -    -    -  C,  H„N.O/f  _p    w     N     n 

6AtLacticadd-    -  C*^  H  ^     •  ol.  > -=^- ^- ^- ^- 

12  At  CaiiMXiic  add  -  C,,  O^ 


i« 


'to  "•»  *'io  ^« 


If  we  conceive  that  the  blood-corpuscles  are  formed  of  globulin  (a 
protein-compound,)  haematin,  and  marearin,  they  may,  by  the  absorp- 
tion of  oxygen  and  the  development  of  carbonic  acid,  be  decomposed 
into  many  other  substances,  as,  for  instance,  into  protein,  cholesterin, 
margaric  acid,  urea,  uric  acid,  and  lactic  acid;  for. 


oil,) 


10  At  Protein    -  -  -  C,oo  H«to 

1  At  Hsmatin  -  -  C««  H,« 
JAtMargarin-  -  -  C„  H,,          "      /^  — -•«» -4ot  •»• --aw 

138  At  Oxygen  •  -  - 

Likewise, 

5  At  Protein    -    - 

2  At  Choleeterin  - 
2  At  Margaric  add    • 

JO  At  Urea  .    -    -  . 

2  At  Uric  add     -  • 

14  At  Lactic  add   -  ' 

52  At  Cazixmic  add  • 

Many  similar  illustrations  of  possible  metamorphic  actions  might 
be  adduced ;  but,  as  they  do  not  contribute  to  the  advancement  of 
chemical  science,  we  shall  omit  to  notice  them. 

2.  Special  chemistry  of  the  blood. 
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Proximate  consiUuenis  qf  the  blood. 

The  blood  is  a  fluid  of  a  very  complicated  nature,  and  has  been 
proved  to  include  the  following  constituents  in  man  and  in  certain 
mammalia  : 

Water. 

AlbuiiMn* 

Globiilm. 

Hffinatiii. 

uBDoapiMsm* 

AloQhal*€Xtiacta 

Spirit-extract 

Waterextract 

Cholestenn. 

Serabn* 
•{  Red  and  white  solid  &ts,  containing  phoqphorqfc 
I  Maigaricacid. 
t  Oleic  acid. 

Iron  (peroxide.) 
'  Albuminate  of  soda. 

Pboqphates  of  lime,  magneoa,  and  soda. 

Sulphate  of  potaih.  / 

Caroonates  of  lime,  magnfisia,  and  soda.  f  ' 

Chlorides  of  sodium  and  jpotasninm 

I/tdite  of  soda. 

Ofeate  and  margante  of  soda. 
rOxygea 
^Nitrogen. 
(Caxboiie 

Sulphur. 

Phosphorus. 

Traces  of  the  following  substances  have  also  been  detected  in  the 
blood  in  certain  pathological  states  of  the  system : 

Sugar. 
Urea. 

Bilin  and  ite  acids,  (t) 
Biliphsin. 
Glutin.  (t) 
^  Hcmacyanin. 

Giythrogen. 

Hydrochkrate  of  ammonia. 
Aoetete  of  soda. 
Benzoate  of  soda. 
Manraurin. 
Olem. 
Copper. 
Manganese. 
Silica. 


Gases 


On  the  methods  of  analyzing  the  blood. 

Although  many  of  the  proximate  constituents  of  the  blood  may 
be  recognised  without  difficulty,  there  are  some  (especially  those 
which  exist  in  only  minute  quantity)  that  cannot  be  readily  detected. 
An  exact  quantitative  analysis  of  the  blood,  including  the  determina- 
tion of  all  the  substances  in  the  foregoing  table,  would,  in  the  present 
state  of  chemistry,  be  almost  an  impossibility;  we  must,  therefore, 
content  ourselves  with  the  quantitative  determination  of  the  more 
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important  constituents,  and  arrange  and  determine  the  others,  as, 
for  instance,  the  fats,  sails,  extractive  matters,  &c.,  in  groups.  For 
this  purpose  fresh  blood  must  be  used:  the  clot  must  be  allowed  to 
separate  from  the  serum,  and  the  two  (the  clot  and  the  serum)  must 
then  be  analyzed  separately. 

The  following  method  is  given  by  Berzelius.^    Two  known  quan- 
tities of  blood  are  taken,  one  of  which  is  allowed  to  coagulate  spon- 
taneously, while  the  other  is  evaporated  for  the  purpose  of  ascer-  . 
taining  the  quantity  of  water.    The  clot,  when  thoroughly  separated, 
is  removed  from  the  first  of  these  quantities,  cut  into  pieces,  and 

E laced  upon  an  open  weighed  filter,  resting  upon  several  folds  of 
lottine  paper;  it  must  then  be  covered  with  a  similar  weighed  filter, 
over  which  some  more  blotting  paper  must  be  placed,  and  the  whole 
must  be  compressed  by  a  stone  or  other  weight  The  blotting  paper 
must  be  changed  as  long  as  any  moisture  is  communicated  to  it,  and 
the  clot  must  be  subsequently  dried  in  vacuo  over  sulphuric  acid, 
and  carefully  weighed.  By  deducting  the  known  weight  of  the 
filters  we  obtain  that  of  the  fibrin  and  blood-corpuscles. 

The  dried  clot  must  now  be  frequently  washed  with  water  at  from 
75^  to  85^,  until  the  fibrin  is  left  colourless. 

The  dried  bipod  which  has  been  used  for  the  purpose  of  ascertain- 
ing the  quantity  of  water  must  be  successively  treated  with  ether, 
alcohol,  and  boiling  water.    The  ultimate  residue  consists  of  fibrin, 
blood-corpuscles,  and  albumen;  by  deducting  the  already  determined 
weight  01  the  fibrin  and  blood-corpuscles,  we  obtain  the  weight  of 
the  albumen.    Ether  takes  up  the  fat;  alcohol,  certain  extractive 
matters,  and  lactates;  boiling  water,  certain  extractive  matters,  chlo-  . .. 
ride  of  sodium,  &c    The  serum  (the  quantitative  relation  of  which  . 
to  the  clot  is  known)  is  ^ntly  boiled,  by  which  means  the  albumen    " 
is  coagulated,  and  all  moisture  is  removcKl  by  evaporation. 

The  dried  residue  is  pulverized  and  treated  with  boiling  water, 
which  leaves  albumen  and  fat  unacted  upon;  the  latter  of  which  inay4 
be  now  taken  up  by  ether. 

The  water  dissolves  the  salts,  certain  extractive  matters,  and  some 
fatf  or  fatty-acid  compounds. 

The  watery  solution  must  now  be  evaporated,  and  the  residue 
treated  with  alcohol,  which  takes  up  the  chlorides  of  sodium  and 

Eotassium,  the  lactates,  extract  of  flesh,  and  perhaps  some  fat,  if  any 
appens  to  be  present 
\n  objection  may  be  raised  against  this  method,  that  the  separation 
of  the  blood-corpuscles  from  the  serum  is  not  sufficiently  perfect 

The  complete  removal  of  the  serum  is  a  matter  of  very  conside- 
rable difficulty,  in  consequence  of  the  formation  of  a  dried  surface, 
at  those  parts  of  the  clot  which  are  in  contact  with  the  paper,  by 
which  means  a  check  is  opposed  to  the  egress  of  any  moisture  from 
the  interior  portions.  Indeed,  the  moist  clot  can  only  be  perfectly 
freed  firom  baematoglobulin  with  difficulty,  and  with  the  loss  of  some 

t  Thiapcbeoiie,  pw  93. 
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fibrin;  if  it  were  thoroughly  dried,  the  difficulty  would  be  confined 
to  the  washing  out  of  the  blood-corpuscles.  But  when  fibrin  remains 
for  a  considerable  time  in  water,  a  small  portion  of  it  is  dissolved, 
and  a  part  of  it  is  transformed  into  a  viscid  mass,  consisting  of  very 
minute  microscopic  granules,  which  are  not  easily  washed  out 
When  all  the  blood-corpuscles  are  not  enclosed  by  the  coagulated 
fibrin,  the  serum  assumes  a  reddish  tint  in  consequence  of  their  pre- 
sence; they  must  then  be  taken  into  estimation  with  the  serum.  In 
most  cases,  analyses  made  in  this  manner  would  yield  too  high  a 
number  for  the  blood-corpuscles;  in  some  few  cases  the  assigned 
number  would  be  too  small. 

Lecanu's  method  of  analyzing  the  blood  is  very  similar  to  that  of 
Berzelius. 

Dcnis^  adopts  a  method  of  analyzing  this  fluid  which  involves  con* 
siderable  time  and  nfianipulation ;  and,  after  all,  does  not  give  results 
of  very  great  accuracy. 

Fresh  blood  is  received  into  two  vessels  of  known  capacity,  one  of 
which  is  narrow  and  high.  One  portion  is  used  for  the  detertninar 
tion  of  the  water,  the  carbonate  of  soda,  and  the  chlorides  of  sodium 
and  potassium;  the  other  for  the  estimation  of  the  other  constituents 
of  the  blood. 

I.  The  first  portion  is  evaporated  to  dryness  in  the  water-bath,  pul* 
verized  in  an  agate  mortar,  again  heated  on  the  water-bath,  and  the 
quantity  of  evaporated  water  estimated. 

The  residue  is  incinerated,  digested  in  water,  and  filtered;  the  fil* 
tered  solution  is  evaporated  to  dryness,  and  the  residue  is  weighed, 
dissolved  in  water,  and  treated  with  nitrate  of  silver;  chloride  of  ail* 
ver,  and  oxide  of  silver  (?)  are  precipitated.  This  precipitate  is  dis- 
solved in  nitric  acid,  the  solution  is  evaporated  and  crystallized;  the 
crystals  are  dissolved,  decomposed,  and  neutralized  by  carbonate  of 
soda«  The  solution  which  is  thus  obtained  (of  nitrate  of  soda)  is  fil- 
tered) evaporated  to  diyness,  and  incinerated  with  animal  charcoal  in 
a  platinum  crucible.  It  is  then  digested  in  water,  and  the  carbonate 
of  soda  ascertained.  Upon  deducting  the  weight  of  the  salt  from  that 
of  the  whole  ash  of  the  blood,  we  obtain  as  a  residue  the  weight  of 
the  chlorides  of  sodium  and  potassium. 

II.  The  other  portion  is  allowed  to  stand  for  twenty-four  hours,  in 
order  to  permit  of  the  thorough  separation  of  the  clot  from  the  serum. 

The  latter  is  removed  with  a  pipette,  and  the  separation  is  eon* 
tinned  until  incipient  signs  of  decay  present  themselves.  The  myter 
is  removed  from  the  serum,  in  vacuoj  at  a  temperature  of  from  120^ 
to  140^.  The  clot  is  placed  in  a  small  bag  and  washed  with  water 
until  all  the  colouring  matter  is  removed.  The  residue,  consisting 
of  fibrin,  is  then  placed  in  the  water  that  has  been  used  for  the  wash- 
ing of  the  clot  The  fibrin  is  separated  by  decantation,  the  solution 
of  colouring  matter  being  carefully  poured  o£     It  is  then  washed 

^  ReclieidiM  Ezp^rimentefef  wr  fe  Sng  bamain,  caaiiiM  k  TMit  adn,  pv  8L  Dniit 
Paris,  ia30,  p.  121.  ^ 
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with  fresh  water.  In  the  separation  of  the  haemato-globulin  from  the 
fibrin,  according  to  this  method,  about  the  seventieth  part  of  the  clot 
18  lost  in  the  water.  The  solution  of  the  colouring  matter  is  heated 
until  the  coagulation  of  the  haemato-globulin  is  effected,  which  is  then 
separated  and  freed  from  moisture  by  pressure. 

The  fluids  are  then  evaporated  to  dryness.  We  have  now  four 
subdivisions: 

a.  The  fibrin  which  still  contains  fat  and  cruorin.^ 

b.  Albumen  with  cruorin,  salts,  and  extractive  matter. 

c.  Haemato-globulin  with  fat,  extractive  matter,  and  salts  of  iron  and 
the  earths. 

d.  The  evaporated  fluid  separated  from  the  hssmato-globulin,  con- 
taining salts  and  osmazome. 

These  four  portions  are  dried,  weighed,  put  into  class  flasks,  and 
submitted  for  some  minutes  to  the  action  of  alcohol  of  -800 — *820, 
at  a  temperature  of  86^;  they  are  then  filtered,  and  the  spirituous  so- 
lutions united  and  evaporated.  The  residue,  consisting  of  extractive 
matters  and  salts,  must  be  incinerated,  by  which  means  the  quantity 
of  extractive  matter  is  determined. 

The  four  portions  must  now  be  treated  with  boiling  water,  by  which 
cruorin  and  certain  salts  are  removed. 

The  portions  a  and  d  are  now  combined,  and  the  three  are  treated 
with  boiling  alcohol  of  -800  for  the  purpose  of  extracting  the  fat 
The  filtered  solutions  are  united  and  evaporated,  and  the  cholesterin 
separated  by  crystallization  from  the  fats  which  contain  phosphorus. 
The  mixed  portion  of  a  and  d  contains  tolerably  pure  albumen;  it  is 
dried,  weighed,  and  incinerated,  and  the  ash  is  preserved. 

The  second  portion  contains  fibrin;  this  likewise  is  incinerated, 
and  the  ash  added  to  the  former. 

Lastly,  the  haemato-globulin  is  dried,  weighed,  and  incinerated. 
The  ecdlected  ashes  are  analyzed  with  regard  to  Uie  proportions  of 
peroxide  of  iron,  phosphates  of  lime  and  magnesia,  &c. 

This  method  is  objectionable,  not  merely  on  account  of  the  time 
and  labour  required  for  its  various  stages,  but  further,  because  the 
whole  of  the  water  cannot  be  estimated  by  the  indicated  process. 
Moreover,  the  quantity  of  the  haematoglobulin  which  is  dependent 
upon  the  quantity  of  blood-corpuscles,  will  be  given  in  excess,  as 
it  is  certain  that  the  whole  of  the  serum  cannot  be  separated  from 
the  clot,  in  the  manner  proposed  by  Denis.  The  determination  ot 
the  ^rin  may  also  be  inaccurate  in  consequence  of  the  continuous 
treatment  of  the  clot  with  water,  which  has  the  effect  of  trans- 
forming a  portion  of  it  (i.  e.  the  fibrin)  into  minute  flocculi  or  gra- 
nules which  combine  with  a  viscid  substance.  The  estimation  of  the 
fat  and  of  the  extractive  matters  is  also  very  inaccurate;  the  quantity 


t  Deoii  •ppliet  Hw  lenii  entarim  to  s  nilMtaiioe  obtained  bj  bofling  fibrin  and  atbumen  in 
water.  It  m  loh^bia  m  water,  inaohible  in  alcohol  and  ether,  of  an  agreeable  taate,  •ndne- 
dfihUB  hftmmkwdA,  It  appeara  to  be  prodooedbj  faction  of  ^boOingwtler  on  fibrin 
pwfkwi^  dfetiiJ  bf  long  contact  with  water. 
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of  fat  given  by  Deois  in  his  analyses  being  much  too  large,  and  of 
extractive  matter,  too  small.  Finally,  no  certain  results  with  re- 
spect  to  the  separation  of  the  salts  can  be  obtained  by  this  method. 
Whatever  may  be  the  faults  of  his  process,  he  is  at  least  deserving 
of  praise  for  having  conducted  no  less  than  eighty-three  analyses  in 
this  laborious  manner.  ' 

The  method  that  I  pursue  in  the  analysis  of  the  blood,  if  not 
strictly  correct,  at  least  gives  results  that  approximate  nearer  to  the 
truth  than  those  of  Denis.  In  explaining  it,  I  must  enter  a  little  into 
detail,  in  order  to  indicate  certain  necessary  precautions,  and  to  ex- 
plain on  what  points  it  is  deficient 

a.  I  receive  two,  three,  or  at  the  most  four  ounces  of  blood,  as  it 
flows  from  the  vein,  in  a  thin  glass,  and  stir  it,^  but  not  violently, 
till  the  fibrin  separates.  If  it  be  stirred  too  violently,  a  portion  of 
the  fibrin  becomes  separated  in  the  form  of  finely-divided  scum,  which 
cannot  be  easily  collected.  When  the  blood  has  completely  cooled, 
it  is  weighed,  together  with  the  rod  and  glass,  in  a  good  balance;  it  is 
then  poured  out,  the  ^ass  is  cleansed  and  dried,  the  rod  is  freed 
from  the  adherent  fibrin,  and  is  washed  and  dried :  the  glass  and  rod 
are  then  weighed,  and  the  quantity  of  blood  determined. 

b.  Any  fibrin  that  separates  in  flocculi  from  the  blood  must  be  col* 
lected,  added  to  the  former,  pressed,  and  placed  in  water.  If  the 
water  become  strongly  coloui^,  it  must  be  poured  oS  and  renewed 
until  the  fibrin  is  found  to  be  colourless,  which  is  usually  the 
case  in  from  18  to  24  hours.  It  is  almost  needless  to  mention  that 
none  of  the  flocculi  of  fibrin  must  be  allowed  to  escape  when  we  pour 
ofi*  the  water.  The  decolorized  fibrin  is  dried,  cautiously  broken  up, 
pulverized  in  an  evaporating  basin,  and  then  submitted  to  a  tempera- 
ture of  230^  until  it  ceases  to  lose  weight'  It  is  then  weif^hed.  It 
is  again  finally  triturated,  placed  in  a  fl^k  and  heated,  first  with  anhy- 
drous alcohol,  and  then  with  ether,  for  the  purpose  of  extracting  the 
whole  of  the  fat  The  ether  and  alcohol  must  be  evaporated  in  the 
water  bath,  and  the  weight  of  the  fat  estimated.  The  quantity  of  fibrin 
and  of  fat  associated  with  it  must  then  be  calculated  in  regard  to  the 
whole  quantity  of  the  blood. 

c.  A  quantity  varying  from  30  to  50  grains  of  defibrinated  blood 
must  be  accurately  weighed  in  a  small  basin,  and  cautiously  heated 
over  the  flame  of  a  spirit-lamp.  This  portion  must  then  be  triturated, 
submitted  to  the  action  of  the  water-bath,  pulverized  as  completely 
as  possible,  and  the  heat  continued  until  it  ceases  to  lose  w^ht 

*  [A  bunch  of  ibe  twigi  is  ^eaefdSj  lued  for  Hm  puipow,  but  die  fibrin  nmj  be  obtained 
with  as  much  aocumcj  br  dialimg  fim  blood  in  a  etoppoPBd  bottle  containing  a  vw  fisgnieato 
of  lead,  to  which  it  iradiTjr  adherai.] 

•  I  may  obierve  tbat,  in  my  analyan  of  blood,  I  ahrays  use  anall  ponelain  hmmm, 
weighing  voin  SOO  to  300  gnine,  and  that  1  pvdvexin  dried  mibitancei  m  me  baahn  fhofr' 
aelfea  with  a  anall  peitle.  As  these  substances,  when  thoxouohly  diy  and  waim,  are  a|it  to 
ediifait  a  straof  electrical  rapnlaoa  of  their  pallida 

of  |^s»d  iMiper,  fa^  which  precaution  anr  portion  that  may  escape  from  it  can  be  ead|y  f^ 
nlaoed.  Any  paiudea  adhering  to  the  fingen  or  to  ^  peaOe  nia;r  be  swept  off  vnltk  a  aoft 
Mlfaer.    The  most  serapulous  exactness  and  a(x%unMy  is  retiuirilB  m  there  '        * 
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Lastly,  it  must  be  heated  in  a  chloride  of  zinc  bath  to  230^.    The 
loss  of  weight  indicates  the  quantity  of  water. 

d.  An  optional  quantity  (say  from  400  to  600  grains)  of  defibri- 
nated  bloody  must  be  boiled  over  the  flame  of  a  spirit-lamp,  in  order  to 
coagulate  the  whole  of  the  albumen,  and  subsequently  placed  on  the 
water-bath  for  the  purpose  of  removing  all  moisture.  As  soon  as  the 
blood  has  become  sufficiently  dry  to  admit  of  being  partially  broken 
ap,  it  must  be  carefully  triturated  in  a  mortar,  and  then  again  placed 
on  the  water-bath.  All  the  tough  coriaceous  portions,  which  are  not 
easily  pulverizable,  must  be  carefully  removed:  by  farther  drying, 
they  become  gelatinous,  tough,  and  ultimately  brittle.  The  pow- 
dered  blood  ought,  however,  if  the  previous  steps  have  been  proper- 
ly  executed,  to  assume  a  flocculent  and  bright-red  appearance,  even 
before  it  is  perfectly  dried,  and  should  not  exhibit  any  dark,  glit- 
tering particles  under  the  process  of  trituration.  If  it  is  black,  or  of 
a  bad  colour,  brittle,  very  tough,  and  extremely  difficult  to  triturate, 
it  is  not  fit  for  the  purpose  of  analysis. 

e.  This  flocculent  powder  must  be  reduced  to  dryness  (the  tritu- 
ration being  at  the  same  time  kept  up,)  and  a  small  portion  (8, 10,  or 
at  most  15  grains)  weighed  in  a  glass  flask  for  further  experiments. 
If  the  powder  should  appear  to  contain  moisture,  a  small  quantity 
(for  instance  about  8  grains)  may  be  submitted  to  a  temperature  of 
230^  for  a  short  time,  and  the  whole  error  from  this  source  may  be 
thus  estimated. 

I  have  found  that  when  the  powdered  blood  has  been  submitted 
to  too  strong  or  too  continuous  a  heat,  the  spirit-extract  is  only  im- 
perfectly tasen  up:  hence,  it  may  be  advisable  not  to  reduce  the  whole 
of  the  powder  to  a  state  of  absolute  dryness,  but  rather  to  calculate 
from  a  small  portion  the  quantity  of  retained  moisture. 

This  powder  must  now  be  treated  with  a  little  anhydrous  alcohol. 
Some  ether  must  then  be  poured  over  it,  and  it  must  be  heated  to  the 
boiling  point,  in  order  to  dissolve  the  fat  as  thoroughly  as  possible.' 

After  the  deposition  of  the  powder  the  clear  ether  must  be  poured 
00",  and  the  operation  repeated  two  or  three  times.  The  ethereal 
solutions  are  then  collected,  the  ether  evaporated,  and  the  residual 
fat  submitted  for  a  short  time  to  a  heat  of  212*,  and  then  weighed. 

f.  The  powdered  blood,  thus  freed  from  fat,  must  now  (after  the 
ether  has  been  removed  by  evaporation)  be  boiled  in  the  same  flask 

>  \jaMt  msaH  and  very  thbi  gl«w  flaikt,  oontaining  fiom  one  and  a  half  to  two  oanamt 
(whioi,  like  all  other  appamtua,  may  be  obtained  from  the  eftahUshment  of  Hoffmann  and 
Ebohaidt,  of  Berlin:)  at  first  I  pour  on  the  pulverized  blood  only  about  twice  its  volume  of 
alccibol;  1  then  heat  the  fladc  on  the  aand-bath,  keeping  it  in  almoet  continuoaa  motion,  in  or- 
der that  noDe  of  it  may  spirt  over,  until  it  boils;  I  thai  add  a  conoderdble  quantity  of  ether, 
which  piri'iiiilatpa  the  salts  dissolved  in  the  akohol,  so  that  noting  but  fiit  remains  m  sohition. 
If  too  DNiai  alcohol  has  been  added,  some  of  the  salts  remain  dissolved,  and  the  apparent 
wei^t  of  the  6t  is  increased.  If  ether  alone  be  used  for  the  extraction  of  the  &t,  the  process 
must  be  jnpeated  ihe  or  six  times;  ^  ether  should  be  heated  in  boiling  water  just  reiiio>fed 
from  the  m.  In  osii^  dilute  spirit  for  the  purpose  of  extractioQ,  I  heat  the  flMk  over  the 
flsme  of  a  ipiritplamp.  In  both  cases  the  flask  must  be  kept  in  continual  motion,  in  order  lo 
legolaie  the  choBiliaD. 
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with  8pirit>  of  -925 — *935.     This  must  be  effected  by  gently  moTing 
the  flask  over  the  flame  of  a  spirit-lamp.    The  spirituous  solution 
must  be  allowed  to  boil  freely  for  some  time.     All  the  constituents 
of  the  blood  are  taken  up  except  the  albumen:  for  the  salts,  extract- 
ive matters,  haemaphaBin,and  haemato-globulin  are  all  soluble  in  boil- 
ing  spirit  of  -935.     The  finely  divided  albumen  is  gradually  deposit- 
ed from  the  clear,  hot,  deep-red  solution,  which  becomes  turbid  on 
cooling.     On  carefully  examining  a  thin  section  or  stratum  of  the 
fluid,  the  presence  of  albumen  or  of  deposited  haemato-slobulin  in  sus- 
pension, may  be  readily  detected.     In  the  first  case,  in  addition  to 
flocculi  of  a  larger  or  smaller  size,  there  are  fine,  clearly-defined  points 
to  be  seen.     If  the  spirituous  solution  be  too  thick  and  consistent  to 
allow  of  the  free  deposition  of  the  suspended  albumen,  the  fluid  must 
be  cautiously  decanted  from  the  sediment  into  a  large  glass,  and  about 
double  the  quantity  of  spirit  of  *935  added.     It  must  be  heated  until 
all  the  haemato-globulin  is  dissolved,  and  then  gradually  cooled. 
When  the  solution  is  perfectly  cold,  we  find  deposited  at  the  bottom 
a  small  quantity  of  separated  albumen,  which  must  be  again  washed 
with  alcohol  into  the  flask.     The  residue  in  the  flask  must  be  boiled 
with  spirit  of  *935  as  long  as  any  additional  colonizing  matter  is  given 
off:  five,  six,  or  even  eight  boilings  are  requisite.     What  now  re- 
mains is  albumen.     If  the  haematin  has  been  removed  as  completely 
as  possible,  the  albumen,  while  moist,  appears  of  a  grayish-g;reen, 
and  when  dried,  of  a  dirty-gray  colour;  and  leaves  on  incineration  a 
bright  yellow  residue,  containing  traces  of  peroxide  of  iron.     It  must 
be  washed  out  of  the  flask  with  a  little  water,  with  the  aid  of  a  fea^ 
ther;  the  water  must  be  removed  by  evaporation  upon  the  water-bath, 
and  the  residue  submitted  to  a  temperature  of  230^,  and  weighed. 

g.  The  spirituous  solutions  are  collected  in  a  glass,  and  usually 
throw  down  a  certain  quantity  of  haemato-globulin,  in  the  form  of 
flocculi.  After  the  decantation  of  the  fluid,  they  must  be  dried  upon 
the  water-bath,  triturated  as  finely  as  possible,  rubbed  with  warm 
water  to  a  uniform  pulp,  and  washed  with  spirit  of  *925.  They 
must  be  added  to  the  flocculi,  of  which  we  shall  speak  directly.  As 
much  alcohol  is  now  added  as  is  sufficient  to  precipitate  the  dissolved 
hsemato-globulin  in  distinct  flocks.  If  the  whole  is  now  allowed  to 
stand  for  12 — 18  hours,  all  these  flocks  will  be  deposited  at  the  bot- 
tom of  the  vessel,  and  there  will  remain  above  them  a  clear  yellow 
fluid,  which  must  be  removed  with  a  syphon,  and  the  last  remaining 
portion  with  a  pipette.  The  flocks  must  be  washed  two  or  three 
times  with  fresh  spirit  of  from  *89  to  *90,  which  must  be  removed 
by  the  same  means. 

If  these  spirituous  solutions  are  of  a  yellow  or  citron  colour,  we 
may  assume  that  they  contain  only  salts  and  extractive  matters  tinged 
with  haemaphaein:  if  tliey  are  of  a  reddish  tint,  then  ha&mato-glbbulin 
is  also  present,  which  must  be  precipitated  by  the  addition  of  stronger 
spirit 

1  I  mix  equal  parts  of  alcohol  of  85  or  90^  with  diatiUed  water. 
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We  have  now  to  analyze  (i)  the  flocculi,  and  (ii)  the  spirituous 
solution. 

I.  a.  One  or  two  ounces  of  alcohol  of  *83  or  *80  (the  stronger  the 
better)  are  poured  over  the  flocks;  the  mixture  is  then  well  stirred^ 
and  a  sufficient  quantity  (usually  from  three  to  eight  drops)  of  dilute 
sulphuric  acid  is  added  guttatimy  until  a  decided  change  of  colour  of 
the  flocks  is  observed.  The  flocks  are  now  allowed  to  settle,  and  the 
deep  red  alcoholic  solution  is  decanted.  The  decolorized  flocksare  then 
treated  with  pure  alcohol  until  they  cease  to  give  ofi*  any  more  colour- 
ing matter.  If,  qfter  this^  the  flocks  have  still  a  reddish  tinge,  they 
must  be  treated  with  a  little  more  acidulated  alcohol.  If  the  flocks 
are  as  free  from  hsematin  as  possible,  they  assume  a  more  or  less 
clearly  defined  gray  colour;  when  dried,  they  appear  as  a  dirty-gray 
powder,  and  on  incineration  they  leave  a  yellow  or  orange-coloured 
ash. 

b.  The  flocks  must  be  washed  with  alcohol  until  they  cease  to  ex- 
hibit an  acid  reaction;  they  must  then  be  washed  out  of  the  glass 
flask  (with  the  aid  of  a  feather  and  a  little  water)  into  a  porcelain 
basin,  be  dried  first  upon  the  water-bath,  and  subsequently  at  a  tem- 
perature of  230°,  and  then  weighed.     They  are  estimated  as  globulin. 

e.  The  red  alcoholic  solutions  are  mixed  and  saturated  with  am- 
monia to  such  an  extent  as  to  emit  a  decided  ammoniacal  odour;  they 
are  allowed  to  stand  for  some  hours,  in  order  to  allow  of  the  separa- 
tion of  the  sulphate  of  ammonia;  they  are  then  filtered,  the  sulphate 
is  washed  with  a  little  alcohol,  and  Uie  alcohol  is  subsequently  eva- 
porated. The  residue  consists  of  hsematin  with  hasmaphasin,  a  trace 
of  fat,  and  perhaps  a  little  sulphate  of  ammonia.  The  latter  may  be 
taken  up  by  water,  at  the  risk,  however,  of  losing  an  almost  unappre- 
ciable  trace  of  haemaphaein,  which  is  so  far  soluble  in  that  fluid,  as  to 
communicate  a  yellow  tint  to  it 

(L  There  may  be  certain  cases  in  which  the  perfect  ^separation  of 
the  two  colouring  matters,  the  haematin  and  haemaphaein,  would  be  a 
matter  of  considerable  importance. 

In  all  those  cases  in  which  1  have  found  a  large  proportion  of 
haematin,  as  in  the  blood  in  Bright's  disease,  and  in  menstrual  blood, 
a  certain  portion  of  haemaphasin  is  always  associated  with  it  The 
dark  coloured  blood  of  melaena  contains  a  peculiarly  large  quantity 
of  hsBmaphaein.  The  separation  of  the  two  colouring  principles  is 
best  efiected  by  alcohol,  which  dissolves  the  hsemaphaein,  but  not  the 
haematin.  The  alcohol  should  be  warmed,  but  not  allowed  to 
boil.  Upon  the  evaporation  of  the  alcohol  the  haemaphaein  is  ob- 
tained, and  when  thoroughly  dried,  may  be  weiehed. 

II.  a.  By  the  evaporation  of  the  alcoholic  solutions,  we  obtain  a 
yellow  or  brown  residue,  which  has  a  saltish  taste,  and  smells  of  ex- 
tractive matters.     It  must  be  thoroughly  dried,  and  then  weighed. 

b.  If  we  wish  to  carry  the  analysis  further,  a  known  weight  of  the 
residue  must  be  incinerated.    The  quantity  of  ash,  from  8  to  16  grains 

13» 
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of  this  residue,  will  be  small,  probably  from  -3  to  1*0  grain.  The 
residue  likewise  contains  sugar,  urea,  and  the  colouring  matter  of  the 
bile;  the  former  may  sometimes  be  detected  by  the  taste,  and  the 
presence  of  the  biliphein  may  be  recognised  by  the  dark  colour  that 
it  imparts  to  the  serum.  In  so  minute  a  quantity  of  material  the  urea 
cannot  be  easily  traced. 

In  my  analyses  of  the  blood,  I  have  always  followed  this  course, 
and  I  feel  convinced  that  if  all  necessary  precautions  are  taken,  the  re- 
sults will  be  nearer  the  truth  than  tl)ose  obtained  by  any  previously 
described  method.  I  do  not,  however,  intend  to  assert  that  my  me- 
thod will  give  exactly  accurate  results;  and  I  shall  at  once  proceed 
to  point  out, — 1,  Those  errors  against  which  we  may  guard  by  cau- 
tion; and  2,  Those  which,  with  all  care,  cannot  be  avoided. 

Water.  This  constituent  may  be  determined  with  perfect  exact- 
ness. 

Fibrin,  If  the  blood  be  whipt  with  due  care,  the  fibrin  is  ob- 
,tained  as  a  thick,  coriaceous,  fibrous  mass,  surrounding  the  twigs  of 
the  rod.  It  can  be  removed  without  loss,  and  can  be  easily  and 
quickly  washed. 

If  it  be  stirred  too  rapidly,  a  portion  of  the  fibrin  becomes  minutely 
subdivided,  and  after  washing  cannot  be  collected  without  some  loss; 
on  the  contrary,  if  it  be  stirred  too  slowly,  or  not  long  enough,  the 
fibrin  encloses  many  blood-corpuscles,  and  must  either  lie  for  some 
time  in  water,  during  which  it  is  liable  to  a  certain  degree  of  change, 
or  else  it  must  be  triturated  and  broken  up,  which  induces  the  for- 
mation of  flocks  and  of  a  viscid  matter,  and  occasions  considerable 
loss. 

With  a  little  experience  and  practice,  the  fibrin  may  be  deter- 
mined with  great  exactness.  It  is  necessary  to  submit  the  dried 
fibrin  to  a  temperature  of  230^. 

Fat.  The  fat  contained  in  the  fibrin  may  be  estimated  with  great 
accuracy.  It  is  only  necessary  to  boil  the  pulverized  fibrin  with 
ether,  or  (which  is  better)  with  a  mixture  of  ether  and  anhydrous 
4ilcohol,  for  four,  five,  or  six  times.  The  determination  of  the  Quan- 
tity of  fat  in  the  dried  pulverized  blood  is  much  less  certain  and  ac- 
curate. In  an  analysis  in  which  I  separated  the  hasmaphasin,  I  treated 
a  large  quantity  of  pulverized  blood,  six  successive  times  with 
boiling  ether,  in  a  retort;  yet  I  still  found  a  considerable  quantity 
of  fat  in  the  haemattn.  This  may  be  due,  partly  to  the  compounds  of 
margiric  and  oleic  acids  becoming  decomposed  by  the  sulphuric  acid 
in  the  alcohol  during  the  boiling  of  the  powdered  blood  which  had 
been  treated  with  ether;  and  partly,  I  believe,  to  a  little  free  fat 
which  had  not  been  taken  up  by  the  ether. 

The  fat  appears  to  be  extracted  most  perfectly  when  the  powdered 
blood  has  been  first  loosened,  as  it  were,  with  anhydrous  alcohol.     A 
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quantity  of  ether,  just  sufficient  to  precipitate  the  salts  dissolved  by 
the  alcohol,  must  then  be  added.  We  may  safely  calculate  that  the 
whole  of  the  free  fat  has  been  taken  up,  after  six  or  seven  extractions 
with  ether.  If,  afterwards,  the  hsematin  should  still  be  found  to  con- 
tain fat,  some  of  the  fatty  acids  must  have  been  present,  and  acted 
upon  by  the  acidified  alcohol. 

MbumetL  Errors  may  arise  in  the  determination  of  the  albumen. 
These  may  be  due,  in  the  first  place,  to  want  of  care  in  drying  and 
pulverizing  the  blood.  If  the  powdered  blood  has  been  allowed  to 
dry  into  a  cracked,  brittle,  tough,  hard  mass,  which  can  only  be  re- 
pulverized  with  difficulty,  and  usually  with  considerable  loss,  then, 
only  a  portion  of  the  haemato-globulin  is  taken  up  by  the  spirit,  some 
of  it  now  appearing  of  a  yellow  or  gray-green  colour,  while  another 
part  of  it  occurs  in  the  form  of  coarse  black  fragments,  resisting  the 
action  of  alcohol.  This  albumen  has  a  somewhat  red  tint,  and  upon 
incineration  leaves  an  ash,  which  is  tolerably  rich  in  iron. 

Another  source  of  error  may  lie  in  the  spirit,  which  may  be  either 
too  strong  or  too  weak.  I  have  always  found  a  mixture  of  equal 
parts  of  alcohol  of  85 — 90^,  and  of  water,  succeed  best.  I  have  oc- 
casionally found  that  with  all  precautions,  and  after  boiling  the  re* 
sidae  with  spirit  until  no  more  haemato-globulin  was  taken  up,  the 
ailimmen  has  still  retained  its  red  tint,  and  left  an  ash  abounding  in 
iron.  I  have  never  been  able  to  ascertain  the  reason  why  diluted 
boiling  alcohol  should  occasionally  fail  in  the  perfect  extraction  of 
the  haemato-globulin. 

If,  after  continuous  boiling  with  dilute  alcohol,  the  albumen  still 
retains  a  red  tint,  I  heat  it  with  alcohol  of  '80 — *82,  in  the  same 
flask,  and  during  ebullition  I  gradually  add  one,  two,  or  even  four 
drops  of  dilute  sulphuric  acid.  The  alcohol,  at  first  colourless,  now 
assumes  a  r^ed  tint,  and  the  albumen,  which  is  deposited  upon  stand- 
ing, is  either  free  ifrom  colour,  or  becomes  so  after  being  once  more 
boiled  in  strong  alcohol.  It  must  then  be  boiled  several  times  in 
alcohol  of  0*925,  which  takes  up  the  sulphate  of  globulin,  and  leaves 
the  albumen.^  The  alcoholic  solution  of  the  sulphate  of  hsematin 
which  (unless  the  alcohol  were  too  dilute)  contains  no  globulin,  may 
be  poured  into  a  flask,  and  united  with  the  fluid,  which  is  subse- 
quently obtained  on  Uie  separation  of  the  hsematin  from  the  globu- 
lin, (i,  c.) 

The  sulphate  of  globulin  separates  pretty  completely  in  the  form 
of  flocks,  from  its  alcoholic  solution,  on  cooling.  The  supernatant 
spirit,  which  frequently  has  a  slightly  acid  reaction,  must  be  evapo* 
rated,  till  only  a  little  is  left;  and  we  must  then  try  whether  upon 

i  As  mlftufrp  of  dbomen  k  insoluble  in  alcohol,  we  need  not  be  apprehensive  of  losing  any 
albamBn  by  this  extraction.  I  have  convinced  myself^  fay  a  qpcx;iai  investigatioa,  that  spirit  of 
^QS  takes  np  nothing  but  sulphate  of  globulin  from  die  pulverised  residue  of  the  Uool  The 
fluid,  vrhife  hot,  m  perlectly  dear,  but  becomes  rather  tmbid  on  cooling,  in  cooseqiwoce  of  the 
sepaimtioDoffitt. 
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the  additioQ  of  stroDg  alcohol,  any  globulin  will  still  be  precipitated. 
The  whole  of  the  sulphate  of  globulin  must  be  added  to  that  which 
is  subsequently  obtained  from  the  haemato-globulin. 

If,  in  accordance  with  tho  methods  of  Berzelius  and  Denis,  the 
clotifi  washed  for  the  purpose  of  obtaining  the  fibrin,  the  nuclei  and 
capsules  of  the  blood-corpuscles  are  entangled  in,  and  increase  the 
apparent  quantity  of  the  fibrin;  if,  however,  the  fibrin  is  removed  by 
whipping,  according  to  my  method,  then  the  nuclei  and  capsules  re- 
main in  the  albumen,  and  increase  Us  estimated  quantity. 

I  am  not  acquainted  with  any  researches  tending  to  show  the  de* 
gree  in  which  the  proportions  of  albumen  and  fibrm  are  modified  by 
the  adoption  of  one  or  other  of  these  methods.  Maitland,^  however, 
observes  that  the  quantity  of  fibrin  obtained  by  whipping  is  less 
than  that  obtained  by  washing  the  clot  Muller,'  on  the  contrary, 
thinks  that  the  weight  of  the  nuclei  must  be  extremely  small,  and 
that  the  results  obtained  by  the  two  methods  are  very  nearly  the 
same.  My  own  opinion  is,  that  the  fibrin  cannot  be  determined 
with  accuracy  from  the  washed  clot 

Olobulin.  The  globulin  can  be  calculated  with  considerable  ae- 
curacy  if  the  albumen  has  been  perfectly  freed  from  the  haemato-glo- 
buliiv  I  have  never  yet  succeeded  in  entirely  removing  the  hasma- 
tin  from  the  globulin.  It  is  known  that  even  nearly  colourless  glo* 
bulin  leaves,  on  incineration,  an  ash  which  is  pretty  rich  in  peroxide 
of  iron.  Whether  globulin  generally  contains  peroxide  of  iron  or 
not,  I  cannot  positively  state.  The  globulin  usually  occurs  in  analv* 
ses  of  the  blood  as  a  sulphate,  and  as  such  I  have  always  estimated  it 
It  is  of  a  grayisFi-white  colour,  forms  a  brownish  solution  in  water, 
and  on  incineration  leaves  an  ash,  more  or  less  abundant  in  iron. 

If  after  the  separation  of  haematin  (in  the  manner  already  de- 
scribed,) and  after  being  washed  in  alcohol,  the  globulin  retains  a 
red  tint,  it  must  be  again  treated  with  a  lukewarm  mixture  of  sul- 
phuric acid  and  alcohol,  as  before,  which  dissolves  the  haematin  that 
had  remained  attached  to  the  globulin.  It  must  then  be  repeat- 
edly washed  with  alcohol,  until  it  no  longer  exhibits  any  acid 
reaction. 

Hasmatin.  From  the  remarks  which  have  been  made  respecting 
the  albumen  and  the  globulin,  the  reader  may  conclude  that  the 
hasmatin  cannot  always  be  determined  with  exactness;  I  conceive, 
however,  that  with  all  due  care,  the  error  in  the  determination  of 
the  haematin  should  be  very  trifling  in  100  parts.  It  by  no  means 
necessarily  follows  that  haemato-globulin  should  under  all  circum- 
stances contain  a  constant  proportion  of  haematin.  Moreover,  if  the 
fat  has  not  been  previously  entirely  removed,  a  certain  quantity  may 
be  associated  with  the  haematin.    If  the  haemaphaein  is  separated 

'  1  An  Experimental  Emby  on  die  Phynology  of  the  Blood,  1838. 
*  Phjfiolosie  det  Menedwn,  vd.  1,  p.  1J9. 
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from  the  hsBinatin  by  means  of  warm  alcohol,  the  fat  dissolves 
simultaneously  with  the  former  of  these  colouring  matters,  and 
remains  closely  connected  with  it  If  the  alcohol  used  for  the  se- 
paration of  the  haematin  from  the  globulin  is  not  suflBciently  strong; 
and  If,  after  the  saturation  of  the  sulphuric  acid  with  ammonia,  a 
sufBcient  time  is  not  allowed  for  the  sulphate  of  ammonia  to  separate, 
a  portion  of  this  salt  will  pass  through  the  filter,  and  become  mixed 
with  the  haematin  upon  the  evaporation  of  the  alcohol.  If  this  is 
the  case,  the  salt  may  be  easily  recognised  in  the  haematin  by  its 
crystalline  form;  and  it  must  be  extracted  with  water.  It  is  always 
adyisable  to  use  strong  alcohol,  and  to  allow  the  saturated  solution 
to  stand  for  some  hours  before  it  is  filtered. 

Hsemaphmin.  The  determination  of  this  constituent  is  somewhat 
uncertain  and  difficult,  on  account  of  the  minute  proportron  in  which 
it  exists.  It  is  occasionally  found  to  constitute  only  0*I§  of  the 
weight  of  the  dried  blood.  A  portion  of  this  colouring  matter  is 
taken  up  with  the  extractive  matters  from  which  we  cannot  separate 
it;  another  portion  may  be  lost  if  the  alcohol  used  for  the  separation 
of  the  haematin  from  Uie  globulin  is  not  of  sufficient  strength.  In 
this  case,  on  saturating  with  ammonia,  a  sulphate  of  ammonia  is  pre* 
cipitated,  and  its  removal  is  associated  with  a  further  loss  of  haema- 
phaein.     The  haemaphaein  always  retains  a  little  fat 

Salia  and  extractive  matters.  These  substances,  with  due 
caution  atnd  experience,  may  be  determined  with  considerable  ac- 
curacy. They  must  be  separated  from  the  haemato-globulin  by  the 
addition  of  dilute  spirit,  and  to  ensure  a  tolerably  perfect  separation, 
the  whole  should  be  allowed  to  stand  from  eighteen  to  twenty-four 
hours.  I  have  already  mentioned  the  course  that  must  be  adopted 
in  case  any  of  the  haemato-globulin  should  be  retained  in  the  alcoholic 
solution.  If  the  extractive  matters  and  salts  are  evaporated  on  the 
water-bath  to  a  slight  residue,  and  then  treated  with  anhydrous  al- 
cohol, the  alcohol-extract  will  be  dissolved  and  may  be  estimated. 
I  do  not  know  how  to  separate  haemaphaein  from  the  extractive  mat- 
ters. In  order  to  determine  the  salts,  the  extractive  matters  must 
be  incinerated.  By  treating  the  (incinerated)  residue  with  hot  alco- 
hol of  -85,  we  take  up  the  chloride  of  sodium.  The  residue  must 
be  dissolved  in  a  little  water,  and  rendered  neutral  by  the  addition 
of  acetic  acid.  The  acetates  of  potash  and  soda  may  now  be  taken 
up  by  alcohol.    These  salts  correspond  with  the  lactates.^    There 

^  [Hie  eiMtenoe  of  lactic  acid  and  the  lactates  in  fbe  animal  fluida  ia  denied  in  tato  by  the 
Giean  KfaooL 

Enderiin'a  oooduaoiis  regarding  the  recently  indneiated  arfi  of  blood  may  be  summed  up 
in  tbe  IbDowng  temw: 

1.  The  aih  does  not  efiervesce  on  the  addition  of  an  acid. 

2.  Hot  water  poured  on  the  aih  becomes  alkaline;  it  holds  in  solution  alkaline  pboyhates 
ind  sulphates,  duoride  of  sodium,  and  sometimes  chloride  of  potaanum,  but  no  odier  satts. 

a.  (m  the  additkn  of  a  neutral  solutioii  of  nitrate  of  siher  to  this  flhiid,  thoe  is  a  yettovr 
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Still  remain  the  phosphates  and  sulphates  of  limey  magnesia,  potash^ 
and  soda«  If  they  are  dissolved  in  a  little  dilute  nitrie  acid,  the  ad- 
dition of  ammonia  induces  the  precipitation  of  the  earthy  phosphates^ 
while  the  other  salts  remain  in  solution. 

There  are  some  substances  occurring  only  in  very  minute  quan- 
tities,  or  in  certain  diseased  states,  which  cannot  be  always  easily 
detected. 

1.  Urea.  This  substance  has  never  yet  been  observed  in  any  great 
quantity  in  the  blood. 

I  have  detected  a  minute  quantity  of  urea  in  the  blood  of  a  healthy 
calf.  I  allowed  the  blood  (about  fifteen  or  sixteen  pounds)  to  run 
into  a  vessel  filled  with  alcohol,  and  assiduously  stirred  the  mixture. 
The  alcohol  was  removed  by  pressure,  evaporated,  and  the  residue 
extracted  with  anhydrous  alcohol.  After  filtration,  and  a  second 
evaporation,  the  residue  was  again  dissolved  in  a  little  anhydrous  al- 
cohol, and  the  bases  of  the  lactates  and  fatty  acids  precipitated  with 
sulphuric  acid.  The  filtered  liquid  was  digested  with  carbonate  of 
baryta,  evaporated,  dissolved  in  water,  the  fats  and  fatty  acids  re- 
moved by  filtration,  the  aqueous  solution  concentrated,  and  nitric 
acid  added.  The  greater  part  of  the  fluid  was  removed  by  bieing 
placed  in  vacuo  over  strong  sulphuric  acid;  alcohol  was  poured  over 
the  residue,  and  the  solution  submitted  to  spontaneous  evaporation. 
The  microscope  then  revealed  the  presence  of  nitrate  of  urea,  which 
was  recognised  by  its  peculiar  crystalline  form. 

[Marchand  got  only  slight  microscopic  indications  of  urea  from 
twenty  pounds  of  the  serum  of  the  blood  of  a  healthy  cow;  and  as 
the  urine  of  that  animal  contains  a  larger  amount  of  urea  (4^  accord- 
ing to  Sprengel)  than  that  of  man,  the  blood  must  likewise  contain 
a  larger  proportion  of  this  ingredient  He  calculates  (assuming  that 
there  are  twenty  pounds  of  blood  in  a  man's  body,  and  that  one 

precipitate,  which  is  partly  aoluble  in  nitric  add;  a  portkn,  hofwever,  oonnsting  of  cUaride  of 
aSver,  remaining  undiMolved.  The  addition  of  nitnc  add  caaaea  no  eflerteacence.  On  nan* 
tnJmng  the  add  filtrate  with  ammonia,  a  ydlow  pnedpttate  of  tr&aaie  phoaphate  of  dhcr  (3 
Ag  O,  PO  J  is  thrown  down. 

b.  On  treating  the  aqueous  adution  of  the  asb  with  a  solution  of  diloride  of  caldom.Jheie 
it  a  cofiious  gebtinous  pcedpitate  of  phosj^te  of  lime  (3  Ca  O,  PO.O  which  diasdves  in 
nitric  acid  without  efierfosoenoe.  On  treatmg  this  add  adution  with  nitrate  of  silver,  and 
neutralning  witii  ammonia,  the  tribasic  phosphate  of  silver  is  predpitated  as  befoie.  The  adr 
dition  of  the  chloride  of  calcium  neutralizes  tne  previously  alkaline  fluid. 

From  1,  we  see  that  the  alkaUne  reaction  is  not  due  to  the  piesenca  of  alkaline  caihonafcis; 
and  2  shows  it  is  not  dependent  on  the  presence  of  five  potarfi  or  soda,  far  otherwise  the  Md 
would  not  be  neutralized  by  the  chloride  of  caldum.  Henoo  the  albumen  in  the  blood  cannol 
exist  as  a  soda-compound  (albummate  of  sodaO  ndther  can  there  be  alkaline  lactates,  acetaiai^ 

a -add  salts  m  that  fluid;  and  on  the  aoove  grounds,  Endeilin  conodves  that  we  are 
in  assuming  that  the  alkaline  reaction  of  the  ash  is  dependent  on  the  preaenee  of  tii- 
.  xphate  of  soda  (3  Na  O,  Po^;)  and  as  this  is  the  only  salt  that  remains  tribasic  at  a 
red  heat,  be  oondudes  that  the  alkalinity  of  the  blood,  as  well  as  of  the  ash,  is  dependent  on 
it.  Enderiin  is  the  only  chemist  who  exduJes  cartxmates  from  the  ash  of  the  blood  and  otiMr 
aiumal  fluids.  The  manner  in  which  he  aooounts  far  the  oeeuiwnce  of  these  aalta  m  the 
analyaes  of  other  chenusts  is  veiy  plausibfe.  On  exposing  3  Na  O,  PO.  to  the  atmospbere, 
H  becomes  converted  mto  2  Na  6,  HO,  PO.  and  Na  O,  CO..  (Usb^  and  Wdhki'a  An- 
nalen  der  Chemie  und  Phaimacie;  Mareh,  1844.)] 
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ounce  and  a  half  of  urea  is  eliminated  in  twenty-four  hours)  that  the 
Uood  contains  only  the  15^360th  part  of  its  weight  of  urea,  a  quan- 
tity that  could  hardly  be  determined  analytically,  if  it  were  increased 
thirty.fold.'] 

After  the  extirpation  of  the  kidneys,  and  in  Bright's  disease,  it 
has  been  found  in  so  large  a  proportion  that  its  detection  is  accom- 
plished with  comparative  ease.  My  method,  in  looking  for  urea,  is 
to  treat  a  certain  quantity  of  the  blood  with  alcohol  for  the  purpose 
of  throwing  down  the  protein-compounds;  then  to  filter;  and,  sub- 
sequently, to  wash  the  residue  upon  the  filter  with  alcohol.  The  al- 
coholic solution  (including  the  washings  of  the  filter)  must  be  evapo- 
rated to  a  small  residue,  and  treated  with  anhydrous  alcohol.  The 
solution  is  decanted  from  the  spirit-extract,  which  remains  undis- 
soived,  is  evaporated,  and  again  treated  with  anhydrous  alcohol. 
This  process  must,  if  necessary,  be  repeated  until  the  residue  is  free- 
ly soluble  in  this  menstruum. 

The  alcohol  must  then  be  evaporated,  and  the  residue  dissolved 
in  water,  which  usually  becomes  slightly  turbid  in  consequence  of 
the  separation  of  traces  of  fat  This  fat  is  not  easily  separated  by 
filtration;  if,  however,  this  process  is  determined  upon,  a  considera- 
ble quantity  of  water  is  added;  it  is  heated,  and  allowed  to  stand  for 
some  time.  The  watery  solution  will  then  pass  through  the  filter 
tolerably  clear,  but  slowly.  It  must  be  evaporated  to  a  small  resi- 
due, thoroughly  cooled,  and  nitric  acid  then  added.  If  the  quantity 
of  urea  is  not  too  minute,  there  are  formed  almost  instantaneously 
in  immense  number  of  glittering  crystalline  scales.  If  the  quantity 
of  urea  is  very  minutej  the  crystallized  nitrate  of  urea  may  not  be 
perceptible  for  several  hours,  and  even  then  probably  not  without 
the  aid  of  the  microscope.  In  order  to  avoid  any  errors  that  might 
arise  through  the  crystalline  form  of  other  salts,  I  first  made  myself 
thoroughly  acquainted  with  the  appearance  presented  under  the  mi- 
croscope by  alcoh(d-extract  of  urine  (containing  urea)  when  treated 
with  nitric  acid ;  then  with  the  appearance  presented  by  alcohol-ex- 
traet  of  blood  to  which  a  little  urine  had  been  added,  on  the  addition 
of  nitric  acid;  then  with  that  of  alcohol-extract  of  blood  devoid  of 
urea;  and,  lastly,  with  blood  which  contains  urea  in  the  natural  pro- 
portions. In  Uiis  manner  I  found  that  the  salt  which  most  common- 
ly occurs  in  the  alcohol-extract  of  blood,  the  lactate  of  soda,  may  be 
readily  distinguished  under  the  microscope  from  the  nitrate  of  urea, 
and  that  very  minute  quantities  of  urea  may  be  detected  with  cer- 
tainty. 

Small  quantities  of  urea  may  be  recognised,  bv  the  peculiar  and 
characteristic  form  of  the  nitrate,  in  fluids  containing  those  extractive 
matters  and  salts  of  urine  or  of  blood  that  are  soluble  in  anhydrous 
alcohoL    The  forms  which  are  principally  and  most  frequently  ob- 

i  rni«ttf»nif  apeeidiirdi£Bcdt]rintiMpreaMd0^^ 
lijinezpflriaaHilinfiiuchMaiGfaaiidiiiizied  onegr^  Heoould 
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served  are  depicted  in  fig.  3:  a  represents  the  characteristic  crystal- 
line form  of  nitrate  of  urea;  by  c,  dy  e,  groups  that  are  formed  in  a 
somewhat  dilute  solution  of  urea;  fj  groups  that  are  formed  in  a 
very  dilute  solution,  chiefly  at  the  edge  of  the  fluid.  FifL  4  exhibits 
the  crystalline  form  which  b  produced  by  the  addition  of  nitric  acid 
•to  the  alcohol-extract  of  blood,  containing  no  urea.  These  crystals 
are  not  perceptible  until  the  fluid  is  evaporated  nearly  to  dryness. 
Fig.  5  shows  the  form  of  the  nitrate  of  urea  in  blood  containing  a 
considerable  quantity  of  urea.  I  have  several  times  observed  these 
appearances  in  Bright-s  disease.  With  a  little'  practice  the  com- 
mencement of  the  crystallization  of  the  nitrate  may  be  perceived; 
it  begins  by  exhibiting  an  appearance  of  numerous  fine  parallel  lines 
or  streaks. 

Oxalic  acid  may  likewise  be  used  in  microscopic  researches  re- 
garding the  presence  of  urea  in  the  blood.  I  have  always^  however^ 
preferred  the  use  of  nitric  acid,  because,  in  the  first  place,  it  is  not 
itself  capable  of  crystallization  as  oxalic  acid  is;  and,  secondly,  be- 
cause the  nitrates  of  potash  and  soda  are  much  more  soluble  than  the 
corresponding  oxalates.  Fig.  6  shows  the  crystalline  form  of  the 
oxalate  of  urea  when  alcohol-extract  of  urine,  not  very  rich  in  urea, 
is  treated  with  oxalic  acid.  In  a,  we  see  the  characteristic  crystal- 
line form  of  the  oxalate  of  urea;  6,  represents  various  groups  of  it 
If  the  alcohol-extract  of  blood  containing  no  urea  be  similarly  treat- 
ed, the  crystals  of  fi^;.  7  are  produced.  Lastly,  fig.  8  shows  the  crys- 
tals of  oxalic  acid  itself,  which  are  very  similar  to  those  of  pure 
crystallized  urea. 

On  treating  the  extractive  matter  of  blood  containing  no  urea  with 
nitric  acid,  I  have  occasionally  perceived  crystals  which,  at  first 
sight,  appeared  extremely  similar  to  those  of  nitrate  of  urea,  but 
which  were  in  reality  composed  of  nitrate  of  soda.  These  crystals 
are  exhibited  in  fig.  9.  They  possess  a  very  remarkable  degree  of 
thickness,^  which  I  have  endeavoured  to  represent  in  the  plate. 
Tbev  may  be  distinguished  from  the  similar  form  of  nitrate  of  urea^ 
by  the  circumstance  that  the  former  are  not  at  all  soluble  in  anhy- 
drous alcohol,  while  the  latter  are  readily  dissolved  in  it  If  nitrate 
of  urea  be  present,  it  will  recrystallize  from  its  alcoholic  solution  in 
groups  similar  to  those  in  fig.  10. 

2.  Sugar.  This  substance,  which  I  once  discovered  in  the  blo6d 
of  a  calf,  is  very  seldom  to  be  found  in  healthy  blood,  although  in 
certain  pathological  states,  especially  in  diabetes  mellitus,  it  has  fre- 
quently been  detected.  If  the  quantity  be  very  small,  its  presence 
is  not  always  easily  recognised.  It  is  found  mixed  with  the  .ex- 
tractive matters,  if  the  blood  is  analyzed  accordine  to  my  directions^ 
and  if  it  exists  in  any  quantity,  may  be  recognised  by  the  taste.  If 
only  a  very  little  sugar  be  present,  it  is  advisable  to  precipitate  the 
protein-compounds  from  a  large  quantity  of  blood,  with  spirit    Tlie 

b  eoifly  «en  by  ilightiy  ▼uying  dw  focus. 
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fluid  mast  then  be  filtered  and  evaporated  to  a  small  residue,  which 
must  be  treated  with  anhydrous  alcohol.  The  sugar,  if  present, 
must  be  taken  up  by  the  alcohol.  If,  after  due  evaporation,  the  re- 
sidue have  a  sweetish  taste,  a  portion  of  the  sugar  may  be  obtained 
tolerably  pure,  since  its  quantity  cannot  be  very  inconsiderable. 
With  this  view  we  dissolve  it  in  a  little  water,  add  alcohol  of  *833, 
and  allow  it  to  stand  for  some  time;  under  favourable  circumstances, 
a  portion  of  the  sugar  will  crystallize.  In  consequence  of  its  inti- 
mate mixture  with  a  large  quantity  of  extractive  matter,  an  exact 
quantitative  analysis  of  the  sugar  is  extremely  difficult.  The  best 
method  is  that  of  fermentation,  and  estimating  the  quantity  of  car- 
bonic acid  that  is  formed.  If  the  quantity  of  sugar  be  very 
minute,  it  cannot  be  recognised  by  the  tongue,  in  consequence 
of  the  sweetness  being  disguised  by  the  taste  of  the  salts  and  ex- 
tractive matter;  it  may,  however,  in  this  case,  be  detected  by  sul- 
phuric acid,  although  this  test  is  fallacious  in  the  hands  of  unpractised 
analysts.  The  method  to  be  pursued  in  this  case  is  the  same  as  that 
previously  indicated;  the  spirituous  solution  must  be  evaporated, 
treated  with  anhydrous  alcohol,  and  the  fluid  decanted.  The  preci- 
pitate which  contains  extractive  matter,  chloride  of  sodium,  lactate 
of  aoda,  and  sugar,  must  be  dissolved  in  water;  and  if  (as  is  fre- 
quently the  case)  any  hasmato-globulin  remains  undissolved,  the  fluid 
must  be  filtered.  The  filtered  fluid  must  be  evaporated  to  dryness 
in  a  porcelain  basin,  on  the  water-bath,  and  one  or  two  drops  of  di- 
lute sulphuric  acid  (one  part  of  acid  to  six  of  water)  must  be  dropped 
upon  the  dried  residue.  On  again  submitting  it  to  the  heat  of  the 
water-bath,  it  is  observed  that  those  points  which  have  been  moist- 
ened by  the  acid  at  first  assume  a  blue  or  violet  tint,  become  gradu- 
ally darker,  and  ultimately  coal-black.  When  the  quantity  of  sugar 
is  very  small,  the  colour  is  only  sufficiently  marked  at  the  margin 
of  the  drop,  or  at  points  where  the  layer  of  extractive  matter  hap- 
pens to  be  particularly  thick.  Unfortunately  for  the  success  of  this 
test,  a  dark  spot,  varying  from  a  deep  brown  to  a  dark  dirty-violet 
tinge,  but  never  positively  black,  is  produced  in  the  same  manner  in 
the  spirit-extract  of  blood,  which  contains  no  sugar;  so  that,  without 
a  weU-practised  eye,  it  is  difficult  to  decide  upon  the  absence  or  pre- 
sence of  sugar  by  this  test  After  the  addition  of  one  grain  of  dia- 
betic sugar  in  solution,  to  500  grains  of  blood,  (which  contained  no 
sugar,)  no  decided  sweetness  could  be  observed  in  the  spirit-extract. 
The  sulphuric  acid  test  indicated  the  presence  of  sugar  by  the  for- 
mation of  a  coal-black  spot;  on  the  addition  of  the  acid  to  a  portion 
of  the  extract  of  the  same  blood  in  which  there  was  no  suear,  a  dirty 
violet  spot  was  produced.  In  examining  the  blood  of  diabetic  pa- 
tients I  once  found  so  large  a  proportion  of  sugar  that  it  was  readily 
dete^sted  by  the  taste;  on  another  occasion,  however,  it  was  only 
rendered  manifest  on  the  addition  of  sulphuric  acid.  But  of  all  the 
tests  for  sugar  in  the  blood,  Trommer's  is  certainly  the  best  The 
protein-compounds  are  first  precipitated  with  anhydrous  alcohol,  and 
dry  carbonate  of  potash  is  then  added  to  the  filtered  spirituous  so- 
14 
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lution,  which  must  be  well  shaken.-    On  the  addition  of  a  little  so* 
lution  of  sulphate  of  copper,  and  the  application  of  heat,  we  observe, 
'  if  sugar  be  present,  a  yellow  or  yellowish  brown  tint  developed,  pro- 
duced by  the  reduction  of  the  copper  to  a  state  of  suboxide. 

3.  Bile,  In  healthy  blood  we  find  neither  bilin  nor  bilipharin. 
In  icterus  we  meet  with  biliphsein  in  the  serum,  which  is  more  or 
less  deeply  coloured  in  proportion  to  the  quantity  of  this  pigment 
contained  in  it  It  may  be  of  a  deep  orange,  or  almost  red  colour, 
so  as  to  lead  to  the  suspicion  of  the  presence  of  hematin  in  a  state  of 
solution.  I  found  the  serum  nearly  blood-red  in  a  case  of  icterus; 
but  on  shaking  it  against  the  sides  of  the  vessel,  the  thin  adhering 
layer  appeared  of  a  beautiful  saffron  colour.  A  similar  colour  was 
induced  by  the  addition  of  water  to  the  serum. 

If  only  so  small  a  quantity  of  biliphaein  be  present  as  to  colour 
the  serum  slightly,  it  may  be  recognised  by  the  addition  of  nitric 
acid,  which  produces  a  variety  of  tmts,  more  or  less  green  in  their 
character.    The  albumen  is  at  the  same  time  precipitated  in  white 
flocks,  upon  which  a  slight  tinge  of  green  may  be  distinctly  per* 
eeived.^    In  the  deep  red  serum  already  alluded  to,  the  addition  or  ni-^ 
trie  acid  produced  ain  intensely  clear  grass-green  colour,  which,  at  some 
points,  passed  into  a  blue,  and,  in  the  course  of  twenty-four  hourSy 
mto  a  yellow  tint    The  quantity  of  biliphaein  varies  directly  with 
the  intensity  of  the  colour  of  the  serum,  and  with  tho^time  required 
for  the  disappearance  of  the  ereen  tint,  produced  by  the  addition  of 
nitric  acid.    Neither  in  the  blood  already  alluded  to,  nor  in  another 
specimen  which  contained  less  biliphaein,  could  I  discover  a  trace  of 
bilin.     The  alcohol-extract  of  the  blood  had  a  saltish,  but  not  a  bit- 
ter taste.     I  am  not  aware  that  bilin  or  bilifellinic  acid*  has  ever  been 
observed  in  the  blood,  and  I  hardly  believe  that  they  will  be  found, 
owing  either  to  their  not  being  taken  up  by  the  blood  at  all,  or  else 
to  their  speedy  elimination  by  the  urine.     A  large  quantity  of  bilin 
would  have  a  very  dangerous  effect  upon  the  blood,  since  Tas  we  have 
already  shown)  it  dissolves  the  blood-corpuscles.    I  treated  500  crains 
of  blood  with  half  a  grain  of  inspissated  ox-bile,  and  then  precipitated 
the  protein-compounds  with  spirit,  evaporated  the  fluid,  and  treated 
the  residue  with  anhydrous  alcohol.     It  is  clear  that  the  bile  must  be 
contained  in  this  residue.     After  the  evaporation  of  the  alcohol,  there 
remained  a  rather  dark-coloured  extract,  having  a  bitter  bile-like  taste, 
and  which,  when  dissolved  in  water,  and  nitric  acid  was  added,  mani- 
fested a  slight  green  tinge.     If,  therefore,  the  bilin  should  constitute 
one-thousandth  part  of  the  blood,  it  would  be  easily  detectible. 


t  [InocxiMiiifliioeofdieiklUt^withwIiKfaooa^;^^ 
then  cooditioiif,  fre  are  often  enabled  to  detect  bHiphsm  (that  would  be  othOTwiae  iiiia|ipR»- 
chMb)  in  non-albuminoiu  floidfl,  by  the  addition  or  a  litUe  afimmen.] 

*  pEhideitin  statea  that  he  haa  detected  minute  quantitiea  of  choleato  of  aoda  (pore  faile^  ao- 
oofdmg  to  Demarcaj'a  theoiy)  on  three  occaMna,  in  the  blood  of  cahw  and  oxen.  (Annalen 
der  Ghemie  und  PhMmacie,  Apii,  1844.)] 
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If  the  analysis  of  the  fats  and  of  the  extractive  matters  is  to  be 
thoroughly  carried  out,  (as  in  many  cases  it  certainly  ought  to  be,i) 
much  larger  quantities  of  blood  must  be  taken  than  I  have  made  use  of. 

The  various  fats,  however,  as  well  as  the  different  extractive  mat- 
ters, are  at  present  too  little  known  to  enable  us  to  attempt  exact,  or 
even  approximating  quantitative  analyses. 

4.  Fats.  Boudet^  has  analyzed  the  fats  which  are  taken  up  by  al- 
cohol from  dried  blood,  after  all  substances  that  could  be  extracted  by 
water  have  been  removed.  The  alcoholic  solution  deposits  serolin  on 
cooling,  which  must  be  separated,  and  the  alcohol  evaporated.  There 
remains  as  a  residue  a  mixture  of  several  fats,  which  were  separated 
by  Boudet  in  the  following  manner.  Cold  alcohol  of  '833  leaves  un- 
dissolved a  crystalline  fat  which  contains  phosphorus,  and  is  appa- 
rently similar  to  the  brain-fat,  denominated  cerebroi  by  Couerbe.  Cho- 
leiterin  is  deposited  by  the  spontaneous  evaporation  of  the  cold  alco- 
holic solution;  and  on  further  evaporation,  (after  the  removal  of  the 
eholesterin,)  there  is  left  a  mixture  of  oleic  and  marsaric  acids,  as 
well  as  some  oleate  and  margarate  of  potash.  In  addition  to  these 
&t8,  there  are  certain  coloured  phosphorized  and  nitrogenous  fats, 
similar  probably  to  those  which  have  been  described  by  Couerbe,  as 
eepAaloi  and  eleencephol,  Lecanu  found,  in  the  fat  of  the  serum, 
only  eholesterin,  serolin,  margaric  and  oleic  acids;  he  could  detect  no 
phosphorized  fat  Berzelius*  describes  the  fat  of  the  fibrin,  which 
may  be  taken  up  either  by  alcohol  or  ether,  as  solid  and  crystalline; 
when  melted,  of  a  yellow  or  light  brown  colour,  readily  soluble  in 
cold  alcohol,  to  which  it  imparts  an  acid  reaction,  indicating  the  pre- 
sence of  one  or  more  of  the  fatty  acids.  Upon  burning  it,  no  acid 
ash  is  left 

Denis,^  on  the  other  hand,  obtains  from  fibrin,  as  well  as  from  al- 
bumen and  haemato-globulin,  a  red  phosphorized  fat,  which  has  an 
alkaline  reaction.  By  digestion  in  caustic  potash,  a  part  is  dissolved, 
while  an  insoluble  portion  remains,  in  the  form  of  a  white,  saponified 
powder,  readily  soluble  in  ether,  from  which  it  may  be  again  ob- 
tained, by  spontaneous  evaporation,  in  the  form  of  delicate  crystals, 
which  burn  like  fat 

The  portion  of  saponified  fat  which  is  dissolved  in  the  potash  must 
be  precipitated  by  hydrochloric  acid,  and  cannot  be  melted  in  the 
acia  fluid,  even  on  raising  the  temperature  to  a  boiling  heat.  Afler 
having  been  removed  by  filtration,  it  is  found  to  be  soluble  in  alcohol 
and  ether,  and  we  may  obtain  it,  after  evaporating  the  fluid  in  which 
it  is  dissolved,  as  a  fat,  which  becomes  fluid  at  a  temperature  of  97^ 
— 104°,  but  is  solid  at  an  ordinary  temperature.  It  has  an  acid  reac- 
tion, and  swells  up,  but  is  only  very  partially  soluble  in  boiling  wa- 
ter, from  which,  on  evaporation  we  obtain  it  (the  dissolved  portion) 
as  a  sort  of  film  or  coating. 

1  AmitL  de  Cbem.  et  de  Phy^,  toL  52,  p.  337.  •  ThieRiieniie,  p^  88. 

>  Recfaewhw  Ejperimeaitalet,  dec.  p>  101. 
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According  to  Berzelius,  it  is  similar  to  the  acid  salts  of  stearic  and 
oleic  acids  described  by  Chevreul;  it  diflers  from  them^  however,  by 
its  greater  solubility  in  ether  and  cold  alcohol. 

5.  Extractive  Matters.  These  substances  have  been  less  care- 
fully analyzed  than  the  fats,  and  the  proportions  in  which  they  occur, 
are  so  small,  that  even  in  the  analysis  of  a  large  quantity  of  blood, 
their  exact  determination  is  no  easy  matter.  AU  that  is  known  upon 
the  subject  is  already  given  in  the  Introduction. 

[A  simple  method  of  determining  some  of  the  most  important 
constituents  of  the  blood  has  been  recently  given  by  Figuier.  It  is 
based  on  the  fact,  made  known  many  years  ago  hy  Berzelius,  that 
after  the  addition  of  a  solution  of  a  neutral  salt  to  deiibrinated 
blood,  the  globules  do  not  (as  before)  pass  through  filtering  paper. 
On  th|e  addition  of  two  parts  of  a  solution  of  sulphate  of  soda  of 
spec.  grav.  1*130  to  one  of  blood,  Figuier  found  that  the  whole  of 
the  corpuscles  remained  on  the  surface  of  the  filter.  The  following 
are  the  steps  of  his  analysis.  l*he  fibrin  is  removed  by  whipping, 
dried,  and  weighed ;  the  weight  of  the  corpuscles  is  ascertained  by 
the  method  indicated;  and  that  of  the  albumen  by  coagulating,  by 
means  of  heat,  the  filtered  solution.  The  proportion  of  water  is  de- 
termined by  evaporating  a  small  known  weight  of  the  blood.] 

.Analysis  of  coagulated  blood. 

It  sometimes  happens  that  we  receive  blood  for  analysis  that  has 
already  coagulated.  The  process  to  be  adopted  in  such  cases,  although 
not  in  reality  more  difficult,  involves  a  greater  amount  of  chemical 
manipulation  than  when  the  fibrin  is  separated  by  whipping;  and  it 
appears  to  give  less  exact  results. 

The  directions  that  I  shall  now  give  for  the  analysis  of  coagulated 
blood  were  published  in  a  paper  of  mine  some  time  ago;M  have, 
however,  only  once  adopted  this  method,  as  I  always  prefer  analyzing 
the  blood  directly  it  is  taken  from  the  body. 

The  whole  of  the  blood  must  first  be  weighed  as  accurately  as 
possible,  the  clot  must  then  be  removed,  and  if  sufficiently  consistent, 
dried  between  folds  of  blotting  paper,  and  then  weighed.  A  portion 
of  the  clot  (from  40  to  80  grains)  is  cut  ofi",  and  its  weight  accurately 
taken;  it  is  then  thoroughly  dried  and  the  loss  of  weight,  which  in- 
dicates the  quantity  of  water,  ascertained:  the  dried  residue  must 
be  reduced  to  a  spongy,  bright-red,  fine  powder,  and  treated  with 
ether  in  order  to  remove  the  fat:  it  must  subsequently  be  treated 
with  boiling  alcohol  of  -925  until  the  spirit  ceases  to  take  up  any 
additional  colouring  matter,  and  the  powder  which  remains  has  a 
^ivty-gTdiy  or  gray-green  colour.  This  must  be  thoroughly  dried, 
and  estimated  as  fibrin  and  albumen.  The  reddened  alcoholic 
solution.  A,  is  set  aside  for  farther  operation. 

1  Brande*!  Ardiiv.  voL  2d. 
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Another  portion  of  the  clot  must  be  weighed  and  placed  in  a  por- 
celain mortar,  which  should  be  provided  with  a  pestle  of  such  a  size 
as  exactly  to  fill  it  Moreover,  the  edge  of  the  mortar  should  be 
about  one-third  of  an  inch  above  the  head  of  the  pestle.  By  this 
arrangement  none  of  the  clot  can  be  lost  It  must  be  reduced  to  a 
fine  pulp,  which  roust  be  treated  with  water  until  the  flocculi  of 
fibrin  become  perfectly  white:  these  must  be  carefully  collected  and 
dried. 

By  the  subtraction  of  the  weight  of  the  fibrin  from  that'  of  tht 
former  residue,  we  obtain  the  weight  of  the  albumen. 

Before  analyzing  the  serum,  it  must  be  well  shaken  in  order  to 
render  its  constitution  uniform;  a  portion  must  then  be  weighed, 
coagulated  at  a  boiling  heat,  thoroughly  dried,  again  weighed,  and 
the  proportion  of  \9ater  thus  estimated.  The  dried  residue  must  be 
finely  pulverized,  the  fat  removed  by  ether,  and  it  must  be  then 
boiled  with  alcohol  of  '925  until  every  thing  which  is  soluble  in 
that  fluid  has  been  taken  up. 

The  residue  consists  of  albumen,  which  must  be  dried  and  weighed. 
The  alcoholic  solution  must  be  added  to  the  solution  a,  and  these 
mixed  fluids  analyzed  for  the  globulin,  ha&matin,  hemapbaein,  extrac- 
tive matters  and  salts,  in  exactly  the  same  manner  as  described  in 
page  146. 

ON  THE  HEALTHT  BLOOD  IN  RELATION  TO  PHYSIOLOGY. 

{From  my  own  analysti,) 

It  is  almost  unnecessary  to  observe  that  the  blood  of  one  and  the 
same  individual  may  vary  in  its  constitution  at  different  times,  and 
under  different  circumstances.  We  shall  proceed  to  investigate  the 
causes  upon  which  these  variations  depend. 

Amongst  the  most  obvious  causes  we  may  place  the  proper  supply, 
or  the  absence  of  sufficient  nutrition. 

The  blood  will  clearly  abound  in  water,  in  proportion  to  the  quan- 
tity of  fluid  with  which  it  is  supplied;  it  will  abound  in  albuminous 
constituents,  in  fats,  and  salts,  in  proportion  to  the  richness  of  the 
nutriment  that  has  been  taken,  and  of  the  chyle  that  has  been  evolved 
from  that  nutriment  In  order  to  counteract  the  evils  that  might 
arise  from  an  excess  of  water  in  the  blood,  (which,  if  allowed  to 
remain  unchecked,  would  induce  too  rapid  a  solution  of  the  blood- 
corpuscles,)  the  kidneys,  skin,  and  lungs  exert  an  active  a^ncy; 
while,  on  the  contrary,  if  there  be  a  deficiency  in  the  proportion  of 
the  water,  caused  either  by  too  great  exhalation,  dependent  upon  ex- 
cessive fatigue,  or  by  a  direct  accumulation  of  the  salts  (which  might 
impede  the  solution  of  the  corpuscles)  it  is  immediately  indicated  by 
an  urgent  desire  for  drink. 

When  substances,  injurious  to  life,  are  taken  into  the  stomach, 
only  small  quantities  enter  the  blood,  the  great  proportion  being 
usually  carried  off  by  the  intestinal  canal,  and  by  the  organs  of  ex- 

14  • 
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cretion  and  secretion.  If  the  organism  be  unequal  to  the  task  of  re- 
jecting the  injurious  agent,  the  equilibrium  of  the  system  is  de- 
stroyed, and  death  ensues. 

Another  cause  of  the  varying  nature  of  the  blood,  interesting 
equally  to  the  physiologist  and  the  physician,  may  be  referred  to  the 
modifications  that  it  undergoes  in  the  nutrition  of  the  organism,  and 
to  the  chanees  undergone  by  the  corpuscles,  in  connexion  with  the 
processes  oi  secretion  and  excretion. 

On  the  distinctive  characters  of  arterial  and  venous  blood. 

The  distinctive  colours  of  arterial  and  venous  blood  are  too  well 
known  to  require  any  observation.^ 

Arterial  blood,  on  being  whipt,  allows  the  fibrin  to  separate  in 
short  conglobate  masses,  more  tenacious  and  compact  than  the  fibrin 
of  venous  blood. 

The  odour  of  arterial  blood  is  considered  to  be  stronger  than  that 
of  venous.  The  temperature  is  also  usually  stated  to  be  different, 
Jurinc  being  the  only  experimentalist  who  assigns  an  equal  tempera- 
ture (i.  e.  102^*2)  to  both  forms  of  blood.  According  to  Scudamore, 
the  temperature'of  arterial  blood  in  man  is  1^-8,  according  to  Kramer, 
2^*7,  higher  than  venous  blood.  Dr.  Davy  found  the  difference  in 
animals  amount  to  3^-6.  The  observations  of  Coleman,  Cooper,  and 
Martini  are  directly  opposed  to  the  above  statement  (Lecanu, 
Etudes  Chimiques  sur  le  Sang.) 

1  [From  Sdierer*!  experiments  it  appe«ra  tiiat,  when  frerfi  red  ox-Uood  ie  deprived  of  hi 
fibrin  and  dfluted  with  twice  or  thrioe  ita  voiume  of  water,  it  afBumes  a  dark  venoui  tint,  wfakfa 
is  not  afibcted  by  the  passage  of  a  current  of  oxygen  through  it  On  the  addition,  howefor, 
of  a  little  milk,  oil,  findy-powdeied  chalk  or  gypsum,  the  original  bright  red  colour  is  evohed. 
These  experiments  are  sufficient  to  prove  that  the  bright  red  colour  is  dqiendeot  on  odier 
causes  than  oxidation,  and  that  the  ^uk  venous  tint  does  not  arise  fiom  carbonic  acid  or  car- 
bon; in  fiict,  Scherer  conceives  that  they  prove  that  the  former  is  dependent  on  the  presence  of 
white  partidee  of  chyle  suspended  in  the  fluid,  an  opinion  confirmed  by  the  microeeope.  It 
was  observed  by  Uewson  mat,  when  the  colour  of  the  blood  is  bright  red,  the  corpuscles  are 
always  biconcave;  they  reflect  a  large  amount  of  light,  and  in  this  respect  act  as  the  chalk, 
milk,  dec  m  Scherer's  experiments.  When,  on  the  other  hand,  the  blood  is  of  a  dark  colour, 
the  corpuscles  are  bioon>ex,  and  the  capsule  is  so  thm  as  to  admit  of  the  eaiy  passage  of  Ibe 
whole  Ught  through  it;  moreover,  on  account  of  its  attenuation,  it  bursts^  and  allows  of  the 
escafie  of  its  oontente,  as  may  be  observed  on  the  addition  of  water  to  red  blood.  If  the  blood 
remain  ui  contact  with  water  till  a  dark  tmt  becomes  apparent,  and  a  saturated  solution  of  a 
neutral  salt  be  then  added,  the  corpuscles  again  become  biconcave,  in  consequence  of  their  be- 
Dig  partially  emptied  by  the  endoflmoeis  called  into  play  by  the  diflbrent  fluids  vrithin  and  with- 
out the  capsule;  and  the  capmles  themselves,  and  the  onginal  bright  red  colour  reiqppear.  A 
current  ofcaiboiuc  add  gas  passed  through  fiesh  red  blood  renders  the  corpuscles  bicoavexi 
and  makes  the  Uood  assume  a  dark  venous  hue. 

Mulder  explains  the  difierenoe  between  the  colour  of  arterial  and  venous  blood  in  the  fol- 
lowing manner:  Two  oxides  of  protein  are  fomM)d  in  the  act  of  respiration;  they  have  a  strong 
plastic  tendency,  and  solidify  round  each  corpuscle,  making  the  capsule  thicker  and  better  qua- 
lified to  reflect  tight  Each  corpusde  of  the  arterialized  blood  is  thai  in  reaUty  invested  wifli  a 
complete  envelope  of  huffy  coat,  which  gradualfy  contracts,  and  speedily  forDos  the  cupped  or 
biconcave  surfiices,  which,  as  we  have  already  shown,  are  fiivourable  to  the  reflection  or  lifht 
On  reachmg  the  capillaries,  the  coatmg  of  the  oxides  of  protein  is  removed,  and  the  corpusaes, 
kxnng  their  opake  inVeetment  and  tfaeh  ci:qiped  form,  can  no  longer  reflect  tight,  and  the  Uood 
assumes  a  venous  tint  (Mulder*s  Verroch  einer  allgemeinen  physiologiKhen  Chemie,  pfk 
344-59;  or  Dr.G.Binfs  account  of  MuUer's  Researches, m  the  Medical  Gaaette,  December, 
1844.) 
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The  relative  capacity  for  heat  of  arterial  and  venous  blood  is,  ac- 
cording to  Davy,  as  839  to  852. 

There  is  considerable  difference  of  opinion  among  physiologists 
with  respect  to  the  specific  gravity  of  arterial  and  venous  blood : 
Hammerschmidt,  Davy,  Scudamore,  and  Letellier  assert  that  the 
density  of  arterial  is  lower  than  that  of  venous  blood ;  the  former 
being  represented  by  1039-8 — 1042-9,  the  latter  by  1053—1056. 

Boissier  and  Hamburger,  on  the  contrary,  found  arterial  denser 
than  venous  blood. 

The  observations  of  Bellingeri*  respecting  the  electric  relations  of 
arterial  and  venous  blood  are  very  singular. 

In  birds,  horses,  and  occasionally  in  sheep  and  calves,  both  forms 
of  blood  are  in  the  same  electric  state.  In  other  animals  the  arterial 
blood  is  positivel V  electric  in  relation  to  the  venous.  The  reverse 
has  never  i)een  observed. 

Observations  have  also  been  made  regarding  the  comparative  ten- 
dency to  putrefaction  of  arterial  and  venous  blood.  Krimer  and  Kanig 
assert  that  arterial  blood  is  the  most  prone  to  decay;  Thackrah,  on  the 
contrary,  makes  a  similar  statement  respecting  venous  blood. 

Id  order  to  obtain  any  correct  information  with  regard  to  the  diffe- 
rences that  undoubtedly  exist  in  the  composition  of  arterial  and  ve- 
nous blood,  it  is  necessary  to  have  recourse  to  accurate  chemical 
analyses.  I  have  devoted  much  attention  to  this  point,  and  fully 
concur  with  Schultz,  Dumas  and  Prevost,  and  others,  in  the  belief 
that  the  two  forms  of  blood  present  marked  differences  of  constitution. 

I  made  use  of  the  blood  of  horses  in  these  experiments,  and  was 
kindly  assisted  by  Professor  Gurlt  The  carotids,  from  which  we 
obtained  the  arterial  blood,  were  exposed,  and  opened  in  such  a  man- 
ner as  to  ensure  the  absence  of  any  venous  blood:  the  venous  blood 
was  obtained  from  the  jugulars. 

The  analyses  were  made  according  to  my  ordinary  method  (vide 
supra,)  and  gave  the  following  results.' 

1000  parts  of  blood  contained: 

Anafyml.  AnalyasS. 

Arterial  blood.  Venoua  blood. 

Wtter 760K)84  757-351 

Solid  reodue      ....         239^2  242^649 

Fibrin 11-200  11*350 

Fit 1-856  2^0 

ABmmen 78-860  8&875 

Globulin 136'I48  128-698 

Hmnatin  .       .        :       .        .             4-872  5-176 

£xtnctive  matter  and  nlti  .        -            6-960  9-160 

100  parts  of  the  bUwd-carpofldeB  I  100  parts  of  the  blood-oorpoftdee 

contained  3-4  of  hsmatin.      |  contained  3*9  of  hsmatin. 

*■  Qooled  by  Lecann.    Etodes  Chimiques  sor  le  Sang  hmnaui,  p.  75. 

s  It  mait  be  observed  diat  no  sound  hones  were  used  ibr  these  experiments,  bat  only  those 
intended  for  anatomical  purposes.  Some  wrae  too  old  and  weak  to  be  of  any  use;  otherB 
were  snfimog  (ram  incurable  disorders.  Although  it  may  be  fiuriy  qoestioDed  whedwr  die 
eomporilMii  of  the  blood  in  these  antmab  is  nomuJ,  the  correctness  of  the  con^parstivB  rasolts 
must  be  onaBecled  as  long  as  the  lungs  and  odier  secreting  and  excreting  oigns  remain 
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iThe  horse,  which  was  suffering  from  malleus  humidus,  had  taken 
its  ordinary  food  up  to  the  time  of  its  death. 


Water 

Solid  iwidiie 
Fibrin 
Fat     - 

AlbuOMQ 

Globulin 
Hnmaun 


matter  and  alta 


AnalyaiS. 

Arterial  Mood. 

789-390 

SIO^IO 

^050 

1-320 

113-100 

7&400 

3<>40 

10<K)0 


100  parti  of  bkxxkorpiiacfes 
contained  4*5  of  hiBmatin. 


Analyw4. 

VeiNNiaktood. 

78&506 

313494 

&oeD 

1-450 

113-350 

7^040 

3-968 

10«16 

100  parts  of  bkndKSfpoKfea 

contained  4-6  of  hnmatitL 


This  was  a  meagre  horse,  killed  in  consequence  of  debility  and 
old  age. 

From  these  analyses  we  are  led  to  the  conclusion  that  arterial 
blood  contains  less  solid  residue  generally  than  venous  blood:  it 
contains  less /at,  less  albumenj  less  hsematinj  less  extractive  mat" 
ters  and  salts  than  venous  blood.  The  bloodiorpuscles  qf  arterial 
blood  contain  less  colouring  matter  than  those  of  venous  blood. 

There  does  not  appear  to  be  any  fixed  relation  between  the  fibrin 
and  globulin  (or,  which  is  nearly  the  same  thing,  the  mass  of  the 
blood-corpuscles,)  in  the  contrasted  analyses;  for  in  Nos.  1  and  2  the 
fibrin  in  the  venous  exceeds  that  in  the  arterial  blood,  while  in  Nos. 
3  and  4  we  observe  exactly  the  reverse.  The  same  fluctuation  is  ob- 
servable with  respect  to  the  globules,  or  the  mass  of  the  blood-cor- 
puscles. 

In  an  analysis  of  the  blood  of  a  healthy  ox,  made  with  the  same 
object,  I  found  the  quantity  of  fibrin  to  be  larger  in  the  arterial  than 
in  the  venous  blood.  In  the  former  case  it  amounted  to  4-90,  and 
in  the  latter  to  only  4*82  in  1000  parts.  . 

I  shall  now  give  the  results  obtained  by  other  chemists  upon  this 
subject:  I  must,  however,  observe  that  their  methods  of  analysis  dif- 
fer considerably  from  mine,  and  that  I  consider  some  of  their  results 
questionable. 

Denis  analyzed  the  blood  of  the  hound.     He  found  in  1000  parts: 


Arterial  blood. 

VenoQi  blood 

Water        .       .       .       . 

830-0 

830O 

Fifann        .       .        -       . 

fi-5 

2'4 

57-0 

58-6 

Hiemato-giobulin 

99K) 

97-0 

Extradhe  matter  and  adta  • 

11-0 

120 

In  this  instance  both  kinds  of  blood  contain  an  equal  proportion 
of  solid  residue:  the  former  contains,  as  I  have  already  observed  in 
two  out  of  three  analyses,  a  larger  quantity  of  fibrin.  Denis  found, 
as  I  have  also  done,  that  the  quantity  of  albumen,  and  of  extractive 
matters  and  salts,  is  less  in  arterial  than  in  venous  blood. 

heal^^proviMtbere  is  no  reaaon  for  anppoang  that  the  geoenl  metamorphoaia  of  the  Uood 
ia  monndfy  aflacted. 
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Hering^  has  analyzed  both  kinds  of  blood  in  the  bullock,  the  sheep, 
and  the  horse.     In  the  blood  of  the  bullock  he  found  in  1000  parts: 

Arterial  blood.  Venoua  blood. 
Water        ....         79&9  794-9 

Fibrin        ....  7-6  &6 

Mbamen    ....  26-1  25-8 

HeiDati>giobalm        -        -  164*7  17(H 

Extracthe  Doatter  and  nlti  2*7  S'd 

In  the  blood  of  the  sheep  he  found  in  1000  parts: 


Anerlal  blood.  Venom  Mood. 
Watnr        ....         85(HS  841-2 

6*1  5-3 

33«  26-4 

106-1  124-4 

4-0  2.7 


Fibrin 

Hemato-globalin 
Extractive  matter  and  nlta 


In  the  blood  of  the  horse  he  found  in  1000  parts: 

Arterial  blood.  Venoua  blood. 
Water        ....         839-5  831-6 

Fiixin         ....  4-6  6-9 

Anramen    ....  22K)  26*7 

Hasmato^obulin        -       -  13(H)  131*1 

Extractive  matter  and  nlti  .  3K)  3*7 

These  analyses  correspond  very  well  with  each  other,  and  corro- 
borate our  remark,  that  arterial  leaves  a  smaller  amount  of  solid 
residue  than  venous  blood.  In  the  bullock  and  sheep  the  fibrin  in 
arterial  exceeds  that  in  venous  blood;  in  the  horse  the  reverse  is 
observed.  The*  same  observation  holds  good  with  regard  to  the 
albumen,  and  in  this  respect  Tat  least  in  the  case  of  bullocks'  and 
sheep's  blood  J  Hering's  results  difler  from  those  of  Denis  and  my- 
self. 

Hering  invariably  found  the  quantity  of  blood-corpuscles  to  be 
greater  in  venous  than  in  arterial  blood;  the  proportion  of  extractive 
matters  and  salts  are,  however,  extremely  fluctuating. 

Lecanu*  has  likewise  analyzed  the  blood  of  the  horse,  and  found 
in  1000  parts: 

Blood  of  aorta.  Blood  of  vena  cava  descendent. 

Water    ...       -  783-83  795-b79 

Blood^orpnades      -        -         122*68  J  06-759 

Albumen  with  its  aalts,  ex-  \        ««  .q  Q7.t^«Q 

tractive  matter  and  aalta  5         ^'^^  ^^^ 

Blood  of  carotid.  Blood  of  jag ular  vein. 

Water    ....  785*5  804-& 

Blood^oipasclea      .        -  125-6  111-03 

Albumen  with  ita  aalta,  ex-  >  oao  oa  ^^ 

tractive  matter  and  aalta  5  '^^  ^'^^ 

These  analyses  dififer  from  my  own,  and  from  those  of  Denis  and 
Hering,  in  assigning  to  arterial  a  larger  solid  residue  than  to  venous 
blood. 

The  quantity  of  blood-corpuscles  is  also  greater  in  arterial  than  in 

*  Phyaologjie  mit  ateter  Beruckaichtigung  der  Pathoiogie  fur  Thierante.    Stutgart,  1832, 

piua 

•  Etodea  Cfaiuiqciea  ear  )e  Sang  humain.    Parii,  1837,  p.  83. 
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venous  blood,  and  Lecanu  found  the  same  to  be  the  case  with  regptrd 
to  the  quantity  of  fibrin.    The  quantity  of  albumen  fluctuated. 

Schultz^  observed  that  the  venous  blood  of  hunery  and  starving 
horses  contained  a  larger  amount  of  solid  residue  tnan  the  arterial^ 
in  the  proportion  of  186  to  155  in  1000  parts  of  blood:  in  a  well-fed 
horse  the  reverse  was  the  case,  the  solid  residue  of  the  arterial  being 
to  that  of  the  venous  blood,  in  the  proportion  of  229  to  195.  The 
quantities  of  fibrin  were  very  fluctuating:  on  one  occasion  the  fibrin 
of  the  arterial  was  to  the  fibrin  of  the  venous  blood  in  the  proportion 
of  5*3  to  8*1 ;  on  another  occasion  as  9*2  to  9*0.  The  hemato-globulin 
(which  he  considers  identical  with  the  colouring  matter  of  the  blood,) 
Was  found  to  vary  directly  with  the  darkness  of  the  blood's  colour, 
and  consequently  to  be  more  abundant  in  venous  than  in  arterial 
blood.*    The  reverse  was  the  case  with  respect  to  the  albumen. 

Autenrieth,  and  Prevost  and  Dumas,'  found  a  greater  proportion 
of  solid  constituents  in  arterial  than  in  venous  blood:  Lassaigne,  like 
myself,  found  just  the  reverse:  whilst  Letellier  asserts  that  there  is 
no  fixed  rule  on  the  subject 

Miiller^  and  Berthold'  observe  that  in  the  goat  there  is  a  larger 
proportion  of  fibrin  in  arterial  than  in  venous  blood:  the  latter  che- 
mist extends  the  statement  to  the  blood  of  the  cat  and  the  sheep. 
The  observations  of  Sigwart^  and  Lassaigne^  are  opposed  to  tbes^ 
statements. 

Prevost  and  Dumas  obtained  from  arterial  a  larger  proportion  of 
blood  corpuscles  than  from  venous  blood,  and  in  this  respect  they 
confirm  the  observations  of  Lecanu  and  Denis.  My  own  analyses, 
and  those  of  Letellier,  tend,  however,  to  show  that  the  proportion  is 
a  fluctuating  one. 

Hence  we  are  led  to  the  conclusion  that  there  are  certain  difie* 
rences  in  the  composition  of  arterial  and  venous  blood,  which,  how- 
ever, are  not  constant,  but  vary  according  to  circumstances. 

The  most  important  of  these  circumstances  are  the  general  health 
of  the  individuaU  and  the  mode  of  nourishment,  whether  dependent 
upon  or  independent  of  the  health. 

Let  us  now  consider  what  must  be  the  qualities  of  arterial  and 
venous  blood  when  all  the  functions  of  the  organism  are  properly 
discharged,  when  the  nutrition  exactly  corresponds  with  our  actual 

«  System  der  Ciikulatian,  p.  138. 

*  In  Older  to  avoid  the  enor  that  might  arise  in  the  determinatiaD  of  the  hsmato-gkibiilia 
fiom  the  retention  of  serum  in  the  dot,  Schultz  proceeded  in  the  Mowing  manner:  He  dried 
the  dot,  and  sabtracted  frmn  its  loidue  the  amount  of  solid  matter  left  by  a  quantity  of  aenmi 
eomsponding  to  the  expeDed  moisture.  The  difierenoe  he  regarded  as  homato^iloailin.  We 
most  not,  however,  forget  dut  the  hcmato^jlobuNn  does  not  exist  in  a  diy  state  in  the  blood; 
and,  further,  that  there  are  no  grounds  for  assuming  tint  the  fluid  in  whioi  it  is  held  in  soh^ 
tion  is  serum. 

*  Annales  de  Chimie  et  de  Phys.,  vol  13. 

*  Physiologie  der  Mensdien,  vol.  1,  p^  119. 
5  Buidadi's  Physiologie,  a  281. 

*  Reifs  Arefaiv.  vol.  12,  p.  5. 

T  Journal  de  Chimie  MecL,  voL  1,  p^  34. 
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waatfly  and  when  the  blood  undergoes  the  various  changes  that  we 
have  described  in  a  former  page. 

Under  these  circumstances  we  arrive  U  priori  at  the  coi^clusion 
that  the  final  result  of  the  changes  in  the  blood  during  the  act  of  cir- 
culation must  necessarily  be  this:  there  must  be  a  substitution  of 
fresh  and  proper  nutriment  to  supply  the  place  of  those  constituents 
of  the  blood  which  are  being  perpetually  consumed;  for  it  is  obvious 
that  if  in  each  circulation  the  consumption  of  albumen  or  haemato- 
globulin  exceeded  the  supply  by  the  merest  trace^  after  a  certain 

Eriod  the  blood  Would  acquire  an  abnormal  constitution.  We 
ow  that  albumen,  fibrin,  and  salts  are  consumed  in  the  nutrition 
of  the  peripheral  svstem;  if,  therefore,  the  blood  receives  no  fresh 
supply  of  Uiese  substances,  before  it  arrives  in  the  larger  venous 
trunu,  it  is  clear  that  the  venous  blood  must  be  poorer  in  these  sub- 
stances than  the  arterial. 

The  blood  also  conveys  away  from  the  peripheral  system  various 
products  formed  by  the  consumption  of  the  tissues;  for  instance, 
certain  salts,  extractive  matters,  &e.,  some  of  which  are  eliminated 
by  the  kidneys,  in  a  state  of  great  dilution,  while  others  are  removed 
bv  the  skin.  If  the  Quantity  removed  exceed  the  supply,  the  venous 
blood  will  be  poorer  m  extractive  matters  and  salts  than  the  arterial; 
it  will  be  richer  in  these  substances  if  the  reverse  be  the  case. 

The  venous  blood  will  contain  more  or  less  water  than  the  arte- 
rial, according  as  the  elimination  of  water  by  the  kidneys,  liver,  skin, 
and  lunp,  exceeds  or  is  less  than  the  quantity  supplied  by  the  fluid 
of  nutrition. 

The  blood-corpuscles,  and  the  germs  from  which  they  are  deve- 
loped, are  likewise  supplied  to  the  blood  by  the  nutrient  fluids. 
They  are  farther  developed,  and  ultimately  dissolved  during  the 
course  of  the  circulation,  and  their  development  and  solution  is  espe- 
cially facilitated  at  those  points  where  the  action  of  oxygen  on  the 
blood  is  the  most  powerful. 

It  is  obvious  that  the  blood,  immediately  after  having  received 
the  chyle,  must  contain  more  blood-corpuscles  than  before;  it  de- 
pends, however,  upon  several  circumstances  whether  venous  gene- 
rally contains  more  or  less  corpuscles  than  arterial  blood. 

The  plasma  receives  a  supply  of  fibrin  from  the  solution  of  the 
blood-corpuscles;  if  the  supply  exceeds  the  consumption  of  this  con- 
stituent in  the  peripheral  system,  the  venous  blood  may  become 
richer  in  fibrin  than  the  arterial. 

If  any  albumen  should  be  produced  by  the  solution  of  the  blood- 
corpuscles,  it  may  be  regarded  as  a  substitute  for  the  portion  of  that 
constituent  which  has  been  taken  up  from  the  blood  for  the  nourish- 
ment of  the  tissues. 

From  these  observations  we  are  led  to  conclude  that  there  is  no 
necessary  variation  in  the  composition  of  venous  and  arterial  blood. 
The  organism,  when  free  from  disturbing  influences,  possesses  in  itself 
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various  means  of  regulating  the  due  admixture  of  its  different  juieesy 
and  more  especially  of  that  most  important  vital  fluids  the  blood. 

Amongst  these  means  we  may  place  the  influence  of  the  nervous 
system,  its  power  of  increasing  or  lessening  the  action  of  the  secret- 
ing and  excreting  organs,  and  of  inducing  in  them  either  co-operating 
or  vicarious  action. 

The  differences  in  the  constitution  of  arterial  and  venous  blood 
cannot,  however,  by  any  possibility,  be  very  great  In  my  analyses 
they  usually  fluctuate  between  fractions  of  a  hundredth  part;  and  tiiey 
appear  to  be  less  between  analyses  3  and  4,  than  between  analyses  1 
and  2,  since  the  former  (anal.  3  and  4)  were  made  on  the  blood  of  an 
old,  decrepit,  half-starved  horse,  in  which  the  change  and  waste  of 
tissue,  and  the  consequent  metamorphosis  of  the  blood,  would  be 
very  slight  That  the  difference  must  be  small  is  obvious,  when 
we  consider  that  the  whole  course  of  the  circulation  may  be  accom- 
plished in  25-30  seconds;  that  the  plasma  just  conveyed  to  the  tis- 
sues must  every  where  propel  the  nutrient  matter  conveyed  there 
by  the  preceding  blood-wave,  and  that  the  tissues,  every  where 
saturated  with  nutrient  plasma,  only  take  up  a  supply  proportioned 
to  their  consumption.  The  process  of  nutrition  in  the  peripheral 
system  is  continuous  and  is  supported  by  the  liouid  plasma  with 
which  all  the  tissues  are  surcharged ;  hence  these  tissues  become  the 
temporary  recipients  of  far  more  nutrient  matter  than  they  can  pos- 
sibly consume,  even  as  the  rivulet  contains  infinitely  more  water 
than  is  necessary  for  the  refreshment  of  the  soil  on  its  banks. 

In  both  cases  we  found  that  the  venous  blood  contained  a  larger 
proportion  of  solid  constituents  than  the  arterial;  hence  we  imer 
that  more  water  was  removed  by  means  of  the  kidneys,  liver,  and 
skin,  than  had  been  supplied  to  the  blood  by  the  nutrient  fluids. 

The  quantity  of  fibnn  in  the  venous  blood  in  analysis  2  is  greater 
than  in  the  arterial  blood,  although,  from  our  knowledge  of  we  fact 
that  fibrin  is  employed  in  the  process  of  nutrition,  we  should  have 
expected  an  opposite  result  Hence  we  are  led  to  attribute  the  ex- 
cess of  fibrin  to  the  consumption  of  a  large  proportion  of  blood-cor-  ' 
puscles,  a  view  which  is  confirmed  by  the  circumstance  that  the 
venous  blood  in  this  instance  is  poorer  in  blood-corpuscles  than  the 
arterial. 

The  proportions  are  reversed  in  analysis  4,  but  whether  from 
opposite  causes  or  not  I  cannot  decide.  It  is  singular  that  in  both 
instances  the  quantity  of  albumen  is  greater  in  the  venous  than  in 
the  arterial  blood,  since  there  can  be  no  doubt  that  this  constituent 
is  consumed  in  the  nutrition  of  the  tissues,  and  that  a  portion  of 
the  changed  plasma  enters  the  lymphatics.  I  do  not  see  how  this 
increase  can  be  accounted  for,  unless  we  assume,  as  I  have  previ* 
ously  done,  that  a  portion  of  the  globulin  of  the  blood-corpuscles  is 
converted  into  albumen  during  their  metamorphosis. 

In  the  present  state  of  our  knowledge  regarding  the  metamorpho* 
sis  of  the  blood,  it  is  as  difficult  as  it  is  hazardous  to  attempt  to  ex- 
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plain  the  various  causes  upon  which  the  dififerences  between  venous 
and  arterial  blood  are  founded.  There  are,  as  I  shall  proceed  to 
show,  decided  differences  between  the  blood  of  the  renal  arteries 
and  veins,  and  between  the  blood  of  the  hepatic  vein  and  of  the 
rena  portae;  and  yet,  as  has  been  already  shown,  the  differences  be- 
tween the  blood  of  the  aorta  and  of  the  vena  cava  are  very  immate- 
rial and  trifling.  To  produce  this  ultimate  similarity,  other  changes 
(not  yet  heeded  by  the  physiologist)  must  have  largely  contributed. 

Properties  of  the  blood  of  the  vena  portm; — its  comparison  taith 

arterial  blood. 

The  blood  of  the  vena  portae  in  horses  (the  only  animals  in  which 
I  have  examined  it)  is  darker  than  ordinary  venous  blood;  the  dif- 
ference of  the  tint  Is,  however,  so  slight  as  to  be  obseivable  only 
upon  actual  comparison.  .  It  coagulates  more  slowly  than  ordinary 
arterial  or  venous  blood;  the  clot  is  less  firm,  more  of  a  gelatinous 
appearance,  and  falls  to  pieces  if  an  attempt  be  made  to  lift  it  I 
analyzed  the  blood  of  the  vena  portae  of  the  two  horses  already 
alluded  to.  If  arterial,  ordinary  venous,  and  vena  portae  blood  are 
deprived  of  their  fibrin  by  whipping,  and  are  then  allowed  to  stand, 
the  blood-corpuscles  subside  in  nearly  equal  times;  but  while  they 
occupy  little  more  than  one  half  of  the  volume  of  arterial  or  ordi- 
nary venous  blood,  in  portal  blood  they  form  nearly  three-fourths  of 
the  whole  volume. 

In  portal  blood,  after  the  lapse  of  several  hours,  a  delicate  glitter- 
ing film  was  formed  upon  the  surface  of  the  serum,  which,  when 
aeen  under  the  microscope,  was  found  to  contain  fat-globules;  I 
could  not,  however,  discover  any  lymph-granules  either  in  the  serum 
or  amongst  the  blood-corpuscles.  The  arterial  and  ordinary  venous 
blood,  on  the  contrary,  exhibited  lymph-granules,  but  no  fat-globules. 

The  blood  of  the  vena  portae  not  only  contains  less  fibrin  than 
arterial  or  ordinary  venous  blood,  but  the  qualities  of  that  constitu- 
ent are  also  different;  it  is  not  so  consistent  as  ordinary  fibrin,  and 
does  not  separate  into  the  firm  globular  little  masses  that  are  ob- 
tained by  whipping  arterial  blood. 

Our  knowledge  of  the  properties  of  this  blood  has  been  materially 
increased  by  the  researches  of  Schultz.^  The  following  are  his 
principal  conclusions:  It  is  darker  than  ordinary  venous  blood,  but 
the  difference  of  tint  is  sometimes  so  slight,  as  to  be  hardly  percep- 
tible. It  is  darkest  in  fasting  horses,  but  after  a  full  meal  it  becomes 
brighter.  These  differences  are  more  striking  than  those  between 
arterial  and  venous  blood.  Common  salt,  nitre,  atmospheric  air,  and 
even  oxygen  when  shaken  with  the  dark  blood  of  the  vena  portae, 
have  scarcely  any  effect  upon  the  colour,  whereas  venous  blood  would 
be  changed  to  a  brighter  red  by  these  reagents.  If  the  blood  of  the 
vena  portae  be  not  extremely  dark,  a  slight  change  is  perceptible. 

1  Syitom  der  Ciikolatioii,  p^  140. 
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If  a  portion  of  this  black  blood  be  treated  with  a  quantity  of  com- 
mon salt  or  nitre  sufficient  to  prevent  it  from  coagulatinCy  coagula- 
tion may  still  be  induced  (although  not  until  after  several  hours,  and 
then  very  slightly)  by  the  addition  of  water,  while  venous  blood  simi- 
larly treated  coagulates  in  the  course  of  five  or  ten  minutes. 

If  the  blood  is  very  dark,  it  sometimes  does  not  coagulate  at  all ; 
if  it  is  not  very  dark,  it  occasionally  coagulates  in  the  same  time  as 
ordinary  venous  blood ;  the  clot,  however,  is  very  soft,  and  either 
entirely,  or  at  least  its  lower  surface,  dissolves  in  the  course  of  from 
twelve  to  twenty-four  hours.  Schultz  farther  observes,  that  after 
the  blood  has  been  whipt,  the  corpuscles  sink  very  quickly;  he 
ascribes  this  peculiarity  to  an  excess  of  colouring  matter  attached  to 
the  capsules  of  the  blood-corpuscles. 

As  the  blood  of  the  vena  portae  that  I  analyzed  was  taken  from 
the  same  two  horses  from  which  I  obtained  the  arterial  and  venous 
blood,  a  fair  comparison  may  be  instituted  with  respect  to  their  dif- 
ferences of  constitution. 

1000  parts  contained: 


Analyoil. 

AnaljaiiS. 

Arterial  Mood. 

Blood  ofvona  ports. 

Watar       -       - 

760O64 

734-979 

Solid  RMidiie     . 

-        239^6S 

357028 

Fibrin       -       - 

11'200 

8-370 

Fat  - 

1-656 

3-186 

76.880 

9»400 

Globulin    - 

13&148 

153€08 

Hsniatin           - 

i-^m 

6-600 

Kxtractive  matter  ai 

idmlti      &9G0 

11-880 

lOOpaitBof 

blood-coipiiKlM 

100  patte  ofblood-coipiHckB 

contaiDedd 

A  ofhnmatin. 

Analyoia. 

Anal7«i6. 

Arterial  blood. 

Blood  of  veaa  ports. 

Water       -       - 

-        789-390 

815.000 

MidiMidiie      - 

-        210«I0 

165000 

Fibrin       -       - 

6-060 

34385 

Fat  - 

1»H) 

1-645 

Albumen  - 

119-100 

93^850 

Globulin  - 

76400 

73690 

Hcmatin  - 

3<)40 

3-900 

Eitnictive  matter  ai 

id  salts    lOHMN) 

11'633 

100  parti  of  I 

ilood-oorpQscfes 

100  parts  of  Uood-corpoadea 

contained  4< 

rof  hnmatin. 

contained  5*3  of  hnmitin. 

It  is  only  in  four  respects  that  the  results  obtained  by  a  compari* 
son  of  these  two  analyses  of  the  blood  of  the  vena  portae  with  arte* 
rial  blood  at  all  coincide:  the  former  contains  less  fibriui  more  fat, 
more  extractive  matter  and  salts  than  the  latter^  aqd  lastly,  the  pro- 
portion of  colouring  matter  to  globulin  is  greater  in  the  former. 

In  order  to  give  a  better  idea  of  the  relative  proportions  of  the 
colouring  matter,  I  shall  quote  another  analysis  of  the  blood  of  the 
vena  port®,  which  was  made  for  the  purpose  of  comparison  with 
the  blood  of  the  hepatic  vein. 

In  this  analysis  the  colouring  matter  is  separated  into  haematin 
and  haemaphffiin.     I  obtained  from  1000  parts: 
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AiMlyai7. 

Water 801*500 

Solidreadiie 198-500 

Fibrin 6-200 

Fat 2-700 

Attramen 90K)00 

Globulin     -  ....         75-600 

Hcmalin 3-400 

HanM^hain 1-600 

Extractive  matter,  vnih  some  htemaphiein,  7    ia,m/u\ 
and  with  aha  -       -      T^  ^  j   14-400 

This  blood  was  very  rich  in  colouring  matter,  there  being  no  less 
a  proportion  of  it  than  6*8  in  100  parts  of  blood-corpuscles,  of  which 
4-5  were  haematin  and  the  remaining  2*3  haemaphaein.  In  addition 
to  this,  the  extractive  matters  i*etained  a  considerable  quantity  of 
hsmaphaein. 

The  circumstance  that  the  blood  of  the  vena  portae  in  analysis  6 
contains  less  solid  residue,  and  a  smaller  proportion  both  of  albumen 
and  blood-corpuscles  than  arterial  blood,  while  the  reverse  is  ob* 
served  in  analysis  5,  need  not  excite  much  surprise  when  we  remem- 
ber that  in  analyses  3,  4,  and  6,  the  blood  was  taken  from  an  old, 
decrepit,  starved  animal. 

Schultz^  has  made  some  very  important  observations  on  the  rela- 
tive constitution  of  the  blood  of  the  vena  ports,  as  contrasted  with 
arterial  and  ordinary  venous  blood. 

Solid  Constituents, 

The  blood  taken  from  the  vena  portsB  of  fasting  horses  gave,  as  a 
mean  of  three  analyses,  16-90^  of  solid  constituents,  while  arterial 
and  venous  blood  gave  15*56^  and  18*6 J  respectively:  it  contained 
therefore,  (in  this  instance,)  a  greater  proportion  of  solid  constituents 
than  arterial ;  a  less  proportion  than  venous  blood.  This  proportion, 
16-90^,  is,  however,  less  than  is  usually  met  with  in  arterial  or 
venous  blood. 

The  blood  of  the  vena  portae  of  a  horse  fed  with  oats  gave  20*3^ 
of  solid  constituents,  while  the  arterial  and  venous  blood  of  the 
same  animal  gave  22*9 If  and  19-5f  respectively.  Here  the  solid 
constituents  of  the  blood  of  the  vena  ports  bear  an  exactly  opposite 
proportion  to  those  of  arterial  and  venous  blood,  for  in  this  case  they 
exceed  those  of  arterial,  and  are  less  than  those  of  venous  blood. 

The  amount  of  the  per-centage  of  the  solid  residue,  although  still 
deficient,  approximates  very  nearly  to  the  ordinary  average. 

My  observations  from  analysis5  are  at  variance  with  these  remarks. 

1  Schnhi^a  analyses  of  the  portal  blood  would,  in  mj  opinion,  have  yielded  more  important 
multi,  botti  as  resgards  the  absohite  and  the  comparative  composition  of  the  fluid,  if  he  had 
detennined  all  die  constitiients  from  the  same  identical  blood.  He  appean  to  have  used  the 
blood  of  ^flerent  anmials  &r  the  determination  of  the  difierent  oonstitoents.  The  absolute 
composition  of  the  blood  is  assuredly  different  in  difierent  animals^  but  there  are  also  relative 
difleienoes  depending  on  age,  nutrition,  and  other  circum^anoes. 
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'  Fibrin. 

As  an  average  of  three  analyses,  *32^  of  fibrin  was  obtained  from 
the  blood  of  the  vena  ports,  while  the  proportions  obtained  from 
arterial  and  venous  blood  were  1*04^  and  1*09^  respectively.  Hence 
it  may  be  concluded  that  this  blood  is  poorer  in  fibrin  than  either 
arterial  or  venous  blood — a  point  which  is  confirmed  by  my  own 
observations. 

•Albumen  toith  salts,  and  blood-corpuscles.^ 
The  following  results  were  obtained  from  his  analyses: 

1.  2.  I.  2.  1.  2. 

Blood  of  vens  porta.  Arterial  blood.  Venooa  blood. 

Albumen        -        -    8*16g      9^7^.  9^    1HU|  7-96|    ll-2&t 

BloodHxypoKks      -    ^^^    l(h53}  4-€5|    l(H8lS  94l|      e^f 

The  analyses  1  were  made  with  the  blood  of  fasting  horses;  the 
analyses  2  with  the  blood  of  horses  after  a  recent  meal  of  oats. 
Hence  it  follows  that  the  blood  of  the  vena  portse  contains  more 
blood-corpuscles  and  less  albumen  than  arterial  or  venous  blood. 
My  own  analyses  do  not  exactly  coincide  with  these  remarks. 

Fat. 

The  solid  residue  of  the  blood  of  the  vena  portae  gave,  (as  the 
mean  of  four  analyses,)  1*66^  of  fat,  while  the  corresponding  propor- 
tions of  fat  in  arterial  and  venous  blood  amounted  to  only  *92|.  and 
•83^.  Hence  it  appears  (and  in  this  respect  my  own  observations 
confirm  those  of  Schultz)  that  this  blood  contains  a  larger  proportion 
of  fat  than  either  arterial  or  venous  blood.  The  albumen  and  the 
clot  contain  individually  a  larger  quantity  of  fat  in  this  than  in  ordi- 
nary blood.  Schultz  has  observed  a  very  striking  difference  between 
the  quantity  of  fat  contained  in  the  fibrin  of  this  and  of  arterial 
blood:  the  former  yielded  10*7§^,  while  the  latter  gave  only  2-34^  of 
fat,  which  in  the  first  case  was  brown  and  discoloured,  in  the  latter 
was  white  and  crystalline. 

It  follows  from  these  remarks  that  there  is  no  constancy  in  the 
deviations  of  the  blood  of  the  vena  portae  from  arterial  or  venous 
blood.  The  reason  of  the  mutability  of  the  composition  of  this 
blood  is  easily  accounted  for,  if  we  consider  the  relation  that  the 
ramifications  of  the  vena  portae  bear  to  the  digestive  organs,  and  the 
absorbent  power  of  the  veins,  as  shown  by  the  experiments  of  Ma- 
gendie^  Tiedemann  and  Gmelin.^ 

The  rapid  removal  of  water  from  the  stomach  can,  moreover,  only 
be  explained  by  the  agency  of  the  vena  portae. 

Hence  it  is  evident,  both  from  my  own  analyses  and  those  of 

^  Schultz's  method  of  analyris  is  described  in  note  1,  p.  166. 

'  Pr^ds  61ementaire  de  Physiologie,  par  Magendie.    BraxdleB,  1838,  p.  326. 

s  MiiUer'fl  Physiologie  des  Menedien,  ¥ol  1,  p.  241. 
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Schultz,  thai  the  blood  which  is  conveyed  to  the  liver  by  the  vena 
portse  differs  in  well-fed  and  in  fasting  animals. 

When  fluids,  containing  a  smaller  proportion  of  solid  residue  than 
ordinary  blood,  are  absorbed  by  well-fed  animals,  we  may  naturally 
infer  that  the  blood  of  the  vena  portae  will  be  more  deficient  in 
solid  constituents  than  either  arterial  or  venous  blood.  This  view 
is  confirmed  by  the  observations  of  Schultz,  excepting  in  the  case  of 
the  horse  that  had  been  fed  with  oats  shortly  before  its  death,  when 
a  greater  solid  residue  was  left  by  this  blood  than  by  either  the  arte- 
rial or  venous:  in  this  instance,  however,  the  residue  was  below  the 
ordinary  average  of  either  venous  or  arterial  blood.  ^In  fasting  horses 
the  residue  is  considerably  below  the  average  of  ordinary  blood. 

The  remarkably  small  quantity  of  fibrin  that  is  invariably  found 
in  the  blood  jof  the  vena  portas,  as  well  as  the  large  proportion  of  fat 
that  is  associated  with  the  fibrin,  is  a  point  of  considerable  interest; 
as  also  the  large  proportion  of  blood-corpuscles  observed  by  Schultz, 
and  which  occurred  in  rather  a  striking  degree  in  my  analysis  5. 

It  is  of  importance  to  trace  the  origin  and  development  of  these 
peculiarities,  as  we  may  thus  be  led  to  take  clearer  views  of  the 
functions  of  the  liver  and  the  preparation  of  the  bile. 

Schultz^  attributes  the  source  of  all  these  peculiarities  to  the  intes- 
tinal canal,  to  the  lymphatic  glands,  and  to  the  spleen. 

The  organization  and  vitality  of  the  chyle,  prepared  in  the  intes- 
tinal canal,  require  (according  to  Schultz,)  the  co-operation  of  the 
plasma,  which  (being  thus  partially  consumed)  leaves  a  large  propor- 
tion of  blood-corpuscles,  the  majority  of  which  appear  to  have  been 
deprived  of  their  nuclei  by  absorpt  ion,  and  to  have  been  converted 
into  empty  capsules  impregnated  with  colouring  matter.  To  this  is 
attributable  the  preponderance  of  the  clot.  The  large  quantity  of 
fat  is  ascribed  by  Schultz  to  absorption  of  the  chyle,  and  he  consi- 
ders that  its  dark  colour  is  in  some  way  connected  with  the  meta- 
morphosis of  the  colouring  matter  of  the  blood-corpuscles. 

My  own  views  with  respect  to  the  causes  of  the  peculiar  consti- 
tution of  this  species  of  blood  differ,  in  a  few  immaterial  points,  from 
the  ingenious  explanation  of  Schultz. 

There  are  two  reasons  for  the  very  small  quantity  of  fibrin  in 
this  blood.  In  the  first  place  it  may  take  up  a  quantity  of  fluid  con- 
taining little  or  no  fibrin,  by  which  means  the  relative  proportion  of 
fibrin  in  a  given  quantity  of  blood  must,  of  course,  be  diminished; 
and,  secondly,  it  may  be  explained  by  the  torpid  motion  in  this  part 
of  the  circulatory  apparatus,  and  the  deficiency  of  atmospheric  oxy- 
gen: this  latter  reason  may  also  account  for  some  of  its  other  pecu- 
liarities. In  consequence  of  the  deficiency  of  oxygen,  the  metamor- 
phosis of  the  blood-corpuscles  must  be  imperfect,  deficient,  and 
retarded,  and  the  solution  of  the  developed  corpuscles  will  not  be 
duly  effected.     To  this  cause  we  must  ascribe  not  merely  the  dimi- 

i  Opi  at  pc  333. 
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nished  quantity  of  fibrin,  but  the  retarded  solution,  and  the  accumu* 
lation  of  the  corpuscles,  especially  of  such  as  are  fully  developed  and 
abound  in  haBmaphaBin,  the  consequent  accumulation  of  that  colour- 
ing substance  in  the  plasma,  and  the  necessarily  dark  tint  of  the 
serum,  which  possesses  no  means  of  throwing  off  that  constituent 

The  large  proportion  of  fat  is  chiefly  attributable  to  the  fluids  that 
are  produced  during  the  act  of  digestion,  and  which  are  conveyed 
into  the  portal  vein.  In  examining  this  blood  under  the  microscope, 
I  have  seen  that  it  is  rich  in  fat  globules.  The  deep  yellow,  (or 
sometimes  even  brown)  tinge  of  the  fat  is  produced  by  hsmapheein, 
which  is  very  soluble  in  fat  and  cannot  easily  be  extracted  from  it 

The  fatty  acids  do  not  seem  to  undergo  any  change  in  the  liver, 
for  we  find  them,  as  well  as  the  cholesterin  of  the  blood,  again  in 
the  bile.  The  cholesterin  is  particularly  abundant,  and  is  probably 
one  of  the  products  of  the  function  of  the  liver. 

Properties  of  the  blood  of  the  hepatic  vein; — its  comparison  with 

the  blood  of  the  venaportm. 

I  am  not  aware  of  any  analysis  of  the  blood  of  the  hepatic  vein 
having  been  made  previously  to  my  own. 

Very  important  conclusions  might  doubtless  be  drawn  respecting 
the  constitution  of  the  bile,  by  contrasting  the  analyses  of  the  blood 
of  the  vena  portae  with  that  of  the  hepatic  vein,  if  it  were  not  that 
we  had  to  take  into  consideration  with  the  former  the  blood  of  the 
hepatic  artery  with  which  it  mixes  in  the  capillary  system  of  the 
liver. 

As  the  contents  of  the  hepatic  vein  are  discharged  into  the  vena 
cava  inferior,  immediately  as  it  leaves  the  organ,  it  is  no  easy  mat- 
ter to  obtain  any  considerable  quantity  of  the  blood  in  a  pure  and 
unmixed  state. 

Professor  Gurlt  has  kindly  assisted  me  in  collecting  specimens  of 
this  blood  from  horses. 

The  blood  of  the  hepatic  vein  differs,  in  several  respects,  from 
any  of  the  forms  of  blood  that  have  been  hitherto  considered. 

It  appears  to  be  darker  than  the  blood  of  the  vena  ports^  (when 
contrasted  with  it,)  but  becomes  of  a  somewhat  brighter  colour  by 
continued  stirring. 

The  separation  of  the  fibrin  is  more  difficult  and  tedious  than  from 
the  blood  of  the  vena  portae,  and  this  constituent,  when  deposited  on 
the  rod,  is  possessed  of  very  little  cdnsistence,  is  soft,  gelatinous,  and 
difficult  to  wash,  a  portion  of  it  falling*  to  pieced  and  being  distri- 
buted through  the  water.  The  blood,  after  the  removal  of  the  fibrin 
bv  whipping,  continues  to  manifest  a  tendency  to  gelatinize;  the 
blood- corpuscles  deposit  themselves  and  form  a  dark  coagulated 
clotted  mass  under  the  surface  of  the  serum,  from  which  no  addi- 
tional fibrin  can  be  obtained  by  further  stirring;  and  upon  allowing 
it  to  rest,  the  same  phenomena  are  again  exhibited.     On  placing  a 
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little  of  the  bloodi  immediately  after  stirring,  on  a  glass  slip,  the 
blood-corpuscles  may  be  seen  to  collect  into  minute  islets  or  spots; 
at  least  I  observed  this  to  occur  in  three  specimens  of  this  sort  of 
blood  that  I  analyzed  at  different  times. 

In  one  instance  I  found  that  the  blood  had  actually  coagulated,  but 
slowly,  after  the  removal  of  the  fibrin  by  whipping,  and  upon  re- 
newed stirring  I  obtained  a  small  quantity  of  stringy  or  coriaceous 
fibrin. 


Microscopic  analysis.  On  examining  a  specimen  of  this  blood, 
not  diluted  with  the  ordinary  solution  of  salt,  the  swollen  corpuscles 
were  observed  moving  about;  some  were  distinct,  some  partly  united 
with  others;  these  gradually  attached  themselves  to  one  another  and 
formed  irregular  groups  of  various  sizes,  in  which  the  outlines  of  the 
individual  corpuscles  could  no  longer  be  recognised.  It  appeared  as 
if  the  corpuscles  exuded  a  plastic  matter,  which  might  possibly  be  the 
cause  of  tneir  adhering  to  each  other. 

On  diluting  the  blood  with  a  solution  of  hydrochlorate  of  ammo- 
nia, I  once  observed  that  the  medium-sized  corpuscles  appeared  stud- 
ded with  minute  pearly  beads,  (vide  supra,  page  95.)  The  follow- 
ing observation  which  I  made  upon  two  occasions  interested  me  ex- 
tremely. I  saw  a  great  excess  of  small  blood-corpuscles,  about  one 
fourth  or  one  sixth  of  the  ordinary  size,  whose  true  nature  could  only 
be  recognised  by  their  well-marked  yellow  colour,  and  by  their  pass- 
ing from  a  spherical  into  a  flattened  form,  when  rotation  was  excited. 
The  motions  of  these  minute  blood-corpuscles  resembled  those  of 
Brown's  molecules,  and  were  much  more  active  than  those  of  the 
ordinary  corpuscles  in  common  blood. 

The  analysis  of  the  blood  of  the  hepatic  vein  gave  in  1000  parts — 


Water 

Solid  xefldue 

Frivin  * 

Fat 

AUniiDen 

Globulin 

HtBDiatin 


Analysis  6. 
Blood  nfveDa  portie. 
815-000 
ISSKHK) 
3-285 
1-845 
92-250 
72-690 


Anal3rfls  8. 

Blood  of  hepatic  vein. 

814-000 

18&000 

2-650 

1-408 

103-283 

57134 

3-000 

12-312 


3-900 
ExtiBcCi^  matten  and  salts      1 1  -623 

100  parts  of  Uood-corpuBcles  I  100  parts  of  blood-oorpusdes 

contained  5-3  of  hiematin.    I  contained  5*2  of  hsinatin. 


The  blood  was  taken  from  the  starved  horse,  who  supplied  the  mat- 
ter for  analyses  3  and  4. 


Water 

Sofid  residue 

F^ffin 

Fal      - 

Albamen 

Glofafulin 

Hmnatin 


Analysis  9. 

Blood  of  vpna  portc. 

738-000 

262K)0U 

3^00 

1-968 

114-636 

116-358 

4-920 


AnalysM  10. 

Blood  of  hepatic  vein. 

725-000 

275H)00 

2-500 

1-560 

130-000 

112K)00 

4-420 
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Ainlyw  9.  AmMs  10. 

Blood  of  yena  porta.  Blood  orliepaUc  vein. 


too  paiti  of  biood-coipiMclM 
oootained  4M  of  coioiiriiig 
mfttter,  of  which  9^  wen 
hnmatm  and  0^  hnflM- 
phnin. 


Hcmaphein         -       -  1*467  1' 

Extractive  mattera  and  salts      1&S36  17*160 

100  parts  of  blood  oonniacfes 

contained  &4  of  coioaring 

matter,  of  which  4^  were 

hcnuitiD  and  1*2  heina- 

phsin. 

From  these  analyses  we  deduce  the  following  conclusions.  The 
blood  of  the  hepatic  vein  is  richer  in  solid  constituents  than  that  of 
the  vena  portae,  and  consequently  than  either  arterial  or  ordinary 
venous  blood;  it  contains  less  fibrin,  fat,  globulin,  and  colouring  mat- 
ter, than  the  blood  of  the  vena  ports;  the  ratio  of  the  colouring  mat- 
ter to  the  globulin  is  smaller,  and  the  tjuantity  of  albumen  larger  in 
the  former  than  in  the  latter  form  of  blood. 

In  consequence  of  the  admixture  of  the  blood  of  the  hepatic  artery 
with  that  of  the  vena  porte  in  the  capillary  system  surrounding  the 
biliary  ducts,  and  of  the  catalytic  influence  of  the  cells  of  the  liver  ia 
the  formation  and  secretion  of  bile,  it  is  impossible  for  us  to  ascertain 
the  relative  parts  which  these  two  distinct  forms  of  blood  play  in  the 
production  of  this  important  secretion,  or  to  state  with  certainty  which 
constituents  are  drawn  from  the  contents  of  the  hepatic  artery  and 
which  from  those  of  the  vena  port®,  or  how  the  withdrawal  of  them 
is  effected. 

These  analyses  are  nevertheless  of  great  importance,  since  they 
show  that  the  blood-corpuscles  are  actively  engaged  in  the  secretion 
of  the  bile,  a  view  which  corresponds  with  and  tends  to  explain  other 
phenomena  connected  with  this  secretion.  They  show  that  the  blood 
of  the  hepatic  vein  contains  more  albumen  and  less  globulin,  or  (which 
is  much  the  same  thing)  blood-corpuscles,  than  that  of  the  vena  portae. 
These  differences  favour  the  hypothesis  that  the  corpuscles  (or,  at 
least,  their  principal  constituents,  the  globulin,)  have  a  greater  share 
in  the  formation  of  the  bile  in  the  peripheral  system  of  the  Uver  than 
the  albumen,  the  principal  constituent  of  the  plasma. 

Another  corroborative  circumstance  is  the  small  amount  of  colour- 
ing matter  in  the  blood  of  the  hepatic  vein,  from  which  we  infer  that 
some  of  it  has  been  consumed  in  the  formation  of  the  bile,  a  view 
which  accounts,  with  more  probability,  for  the  origin  of  its  colour 
than  the  supposition  that  it  is  produced  from  a  portion  of  the  plasma.^ 

If  the  liver  were  supplied  with  blood  from  the  vena  ports  alone, 
there  could  be  hardly  a  doubt  entertained  with  regard  to  the  correct- 
ness of  my  hypothesis;  the  influence  of  the  blood  of  the  hepatic  ar- 
tery must  not,  however,  be  overlooked.  If,  for  instance,  the  blood 
of  the  hepatic  artery  contained  a  much  larger  proportion  of  albumen 
and  a  smaller  quantity  of  blood-corpuscles  than  the  blood  of  the  vena 

^  [This  view  is  corroborated  by  Mulder,  who  observes  that  if  the  bloodnxvptisdes  undergo 
a  inetamomhic  change  prior  to  tlieir  development  into  living  tissue,  the  products  of  the  decom- 
position ofthe  hsmatin  may  be  probably  traced  in  the  bilifutvin  of  the  bile.  (Versiich  einer 
allgemeinen  phyuologischen  Chemie,  p.  36d)] 
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portae,  the  mixture  of  these  would  produce  a  fluid  similar  in  consti- 
tution to  the  blood  of  the  hepatic  vein.  But,  upon  comparing  the 
blood  of  the  vena  portsB  with  that  of  the  hepatic  artery,  no  such  pro- 
portions, as  those  we  have  assumed,  are  observable.  It  is  true  that  a 
mixture  of  the  two  bloods  in  a  badly  fed  animal  would  contain  more 
albumen,  but,  at  the  same  time,  more  blood-corpuscles  than  the  blood 
of  the  vena  portae  (see  Analyses  3  and  6;)  and  in  the  reverse  case 
(see  Analyses  1  and  5)  the  mixture  would  contain  fewer  corpuscles, 
but,  at  the  same  time,  less  albumen,  than  the  blood  of  the  venaportas. 

It  IS  impossible  to  account  for  so  large  an  amount  of  albumen  in 
the  blood  of  the  hepatic  vein,  if  we  consider  the  quantity  of  bile 
which  is  secreted  by  the  healthy  liver,  and  attribute  its  formation  to 
the  elements  of  the  plasma  alone ;  whereas,  if  we  consider  the  bile  to 
be  formed  at  the  expense  of  the  blood-corpuscles,  the  peculiarities  in 
the  blood  of  the  hepatic  vein  are  at  once  accounted  for. 

In  addition  to  the  separation  of  the  bile,  the  liver  effects  a  further 
change  in  the  blood  by  drawing  from  that  fluid  the  sources  of  its  own 
nutrition.  These  two  processes  merge  into  one,  which  may  be  re- 
sarded  as  the  product  of  the  development  of  the  hepatic  cells.  The 
lonnafion  and  secretion  of  such  a  complicated  fluid  as  the  bile,  by  the 
action  of  the  hepatic  cells  on  the  plasma,  may  be  dependent  on  vari- 
ous causes.  The  entire  structure  of  an  organ  must  necessarily  cor- 
re^nd  with  its  functions,  and  with  every  variety  of  internal  organi- 
zation there  will  be  a  corresponding  variation  in  the  secretion.  The 
action  of  the  hepatic  cells  on  the  plasma  is  different  from  that  of  the 
renal  or  other  glandular  cells,  in  consequence  of  the  difference  of 
their  chemical  action  on  the  blood.  The  nerves  also  seem  to  influ- 
ence the  secretions. 

Further,  since  the  plasma  has  been  modified  in  its  progress  through 
the  liver  by  the  solution  of  a  large  number  of  blood-corpuscles,  a 
corresponding  new  product  must  be  evolved  from  it  by  th^  hepatic 
cells.  1  bsive  previously  stated  that  the  development,  and  especially 
the  ultimate  solution  of  the  blood-corpuscles  may  occur  in  all  parts 
of  the  peripheral  system,  if  a  suflicient  supply  of  oxygen  be  present. 
I  have  shown  that  a  large  quantity  of  fully  developed  corpuscles  ac- 
cumulates in  the  blood  of  the  vena  portae,  in  consequence  of  its  torpid 
motion  and  the  want  of  a  due  supply  of  oxygen;  if  this  blood  mixes 
in  the  capillaries  with  the  well-oxygenized  blood  of  the  hepatic  ar- 
tery, it  is  not  difficult  to  conceive  that  a  proportionably  larger  quanti- 
ty of  blood-corpuscles  is  thus  dissolved  in  a  given  time  than  at  many 
other  parts  of  the  peripheral  system,  that  the  plasma  may  thus  be- 
come changed,  and  that  the  product  of  the  general  action  of  the  hepatic 
cells  may  be  different 

It  is  well  known  that  the  liver  is  one  of  the  most  active  organs  of 
the  animal  economy.  Even  in  the  embryo,  the  development  of  its 
cells  is  wonderfully  abundant,  as  has  been  shown  by  Reichert  In  the 
adult,  activity  of  the  liver  is  exhibited  by  the  increased  secretion  of 
the  bile  during  digestion.     The  activity  of  an  organ  is  represented 
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by  the  integral  of  the  activity  of  its  cells;  and  the  increased  activity 
of  the  cells  is  intimately  connected  with  the  facility  of  evdution  and 
revolution.  If,  then,  in  consequence  of  the  activity  of  the  liver  as  a 
secreting  organ,  a  large  number  of  cells  are  consumed,  it  follows  that 
a  proportionably  large  number  must  be  reproduced;  and  we  can  thus 
explain  the  apparently  inconsistent  phenomena  of  the  blood  of  the 
hepatic  vein  containing  less  fibrin  than  that  of  the  vena  portae,  by  the 
supposition  that,  although  a  larg^  quantity  of  blood-corpuscles  is  con- 
sumed by  the  liver,  the  fibrin  of  the  plasma  supplies  the  materials  for 
the  formation  of  cytoblasts  for  new  cells. 

All  the  other  differences  that  are  observable  between  the  composi- 
tion of  the  blood  of  the  hepatic  vein  and  of  the  vena  ports  may  be 
accounted  for  by  paying  a  little  attention  to  the  nature  of  the  bile. 

The  bile  contains  a  smaller  proportion  of  solid  constituents  than 
the  blood ;  hence  it  is  obvious  that  the  blood,  previously  to  the  se« 
paration  of  the  bile  (t.  e.  the  blood  of  the  vena  portse)  must  contain  a 
smaller  proportion  of  solid  constituents  than  afler  this  change  has 
been  effected  (t.  e.  the  blood  of  the  hepatic  vein.) 

The  blood  of  the  vena  port®  contains  more  colouring  matter,  both 
haematin  and  haemapha&in,  than  that  of  the  hepatic  vein.  It  is  impos- 
sible to  decide  with  certainty  upon  the  manner  in  which  these  colour- 
ing substances  are  consumed  in  the  liver,  as  we  are  still  deficient  in 
correct  ultimate  analyses  of  biliphein  and  haemaphsein;  we  may,  how- 
ever, safely  conclude  that  the  biliphsein  is  produced  by  the  metamor* 
phosis  of  the  colouring  matter  of  the  blood. 

Properties  of  the  blood  of  the  renal  veins; — 17*  comparison 

with  the  blood  of  the  aorta. 

The  blood  of  the  renal  veins  was  drawn  from  a  horse  simultaneous- 
ly with  the  aortic  blood :  it  was  found,  however,  upon  opening  the 
body  of  the  horse,  bled  to  death,  that  the  renal  veins  contained  so 
small  a  quantity  of  blood  that  Professor  Gurit  was  unable  to  collect 
from  them  more  than  about  50  grains. 

The  blood  obtained  in  this  manner  was  visibly  darker  than  the 
aortic  blood.  I  stirred  it  for  a  considerable  time  with  a  rod/but  could 
obtain  no  fibrin;  on  leavinz  it  to  stand,  it  became  gelatinous,  and  re- 
sembled the  blood  of  the  hepatic  vein  after  similar  treatment 

Microscopic  analysis.  Upon  comparing  the  two  sorts  of  blood 
under  the  microscope,  the  only  perceptible  differences  were  the  fol- 
lowing: In  the  unmixed  blood  of  the  renal  veins  the  corpuscles  united 
themselves  into  islets  and  amorphous  groups,  in  which  the  individual 
globules  could  not  be  traced.  Upon  mixing  some  of  this  blood  with 
a  solution  of  salt,  a  larger  quantity  of  small  and  middle-sized  corpus- 
cles were  observed  than  in  the  aortic  blood  when  similarly  treated. 
The  proportion,  however,  of  the  small  corpuscles  to  the  large  ones 
was  not  so  striking  as  in  the  blood  of  the  hepatic  vein.  (Vide  supra, 
p.  175.) 


Analyfis  1 1 . 

Aortic  Mood. 

Wtte 

• 

79(H)00 

Mid  undue 

• 

SKHKX) 

Fibrin 

• 

8-200 

• 

90*300 
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In  consequence  of  the  small  quantity  of  material,  I  resolved  to  de* 
termine  only  the  most  important  of  tlie  constituents.  I  made  an  ac- 
curate estimate  of  the  proportions  of  water  and  albumen,  but  was  pre- 
vented by  illness  from  ascertaining  the  quantities  of  globulin  and 
b»natin. 

1000  parts  of  blood  contained: 

Analysis  13. 

JBlood  of  renal  vein. 

778-000 

2S2O00 

9SK230 

From  these  analyses  it  appears  that  the  blood  of  the  renal  vein  is 
more  abundant  in  solid  constituents  and  in  albumen  than  the  aortic 
blood,  but  that  it  contains  less  fibrin  and  fewer  blood-corpuscles. 

The  two  latter  inferences,  respecting  the  quantity  of  fibrin  and  of 
blood-ccMrpuscles  in  the  blood  of  the  renal  vein,  cannot  be  drawn  from 
the  analyses  in  the  same  certain  manner  as  in  the  comparative  analy- 
ses of  the  blood  of  the  hepatic  vein  and  of  the  vena  portas. 

Although  I  cannot  believe  that  this  blood  is  entirely  devoid  of 
separable  fibrin,  it  certainly  contains  less  fibrin  than  arterial  blood. 
In  fact,  it  is  more  than  probable  that  the  quantity  of  fibrin  which  is 
formed  during  the  course  of  the  blood  through  the  renal  capillary 
system,  where  oxygen  is  taken  up  and  not  again  supplied,  does  not 
exceed  the  quantity  consumed.  Although  no  determination  of  the 
haematin  and  globulin  was  instituted,  we  may  infer,  analogically, 
from  our  former  analyses,  and  from  the  necessary  reciprocating  pro- 
portions of  the  two  principal  constituents  of  the  blood,  that  less 
haemato-globulin  exists  in  the  blood  of  the  renal  veins  than  in  that  of 
the  aorta.  If  the  albumen  in  each  be  estimated  in  regard  to  equal 
quantities  of  the  solid  residue,  the  albumen  in  the  aortic  blood  will 
be  found  to  be  to  that  in  the  blood  of  the  renal  vein  in  the  ratio  of 
425  to  446.  The  quantities  of  hasmato-globulin  will  therefore  be  in 
an  opposite  ratio. 

These  results  throw  considerable  light  upon  the  changes  which  the 
blood  undergoes  in  the  kidneys.  It  loses  a  certain  quantity  of  water, 
which  is  accounted  for  by  the  urine.  Hence  this  blood  contains  less 
water  than  the  aortic  blood. 

Urea  appears  to  be  formed  from  the  corpuscles,  under  the  co-ope- 
rating influence  of  the  plasma  and  oxygen  of  the  blood,  rather  than 
from  the  albumen,  which  preponderates  in  the  blood  of  the  renal 
veins  the  same  as  in  the  hepatic  vein.  It  cannot  be  positively  aS" 
serted  that  the  observations  which  were  made  regarding  the  trifling 
amount  of  fibrin  in  the  blood  of  the  hepatic  vein,  as  compared  with 
that  in  the  blood  of  the  vena  portse,  here  hold  good,  but  there  are 
many  reasons  in  favour  of  such  an  analogous  view. 

It  is  highly  probable  that  the  activity  of  the  excreting  powers  of 
the  kidney  is  aue  to  the  activity  of  the  organ  itself,  as  has  been  al- 
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ready  observed  with  regard  to  the  liver,  and  that  this  activity  corre- 
sponds with  the  energetic  evolution  and  revolution  of  renal  cells. 

That  the  kidneys  do  not  separate  bile,  but  urea,  uric  acid,  and 
salts,  is  due  partly  to  the  chemical  constitution  of  the  renal  cells  and 
to  the  peculiarly  directed  co-operation  of  the  nerves  of  these  organs, 
and  partly,  perhaps,  to  the  composition  of  the  blood  itself,  which 
differs  from  that  which  supplies  the  liver. 

The  separation  of  the  water  is  caused  by  the  peculiar  internal 
structure  of  the  organ;  it  cannot  be  regarded  as  a  product  of  the 
development  of  the  cells,  or  of  the  metabolic  power  of  the  cells 
acting  on  the  plasma;  but  the  water  is  separated  in  much  the  same 
manner  as  the  various  gases  of  the  blood  are  jumoved  by  the  lungs. 

But  whether  the  salts  which  are  separatflfefby  the  kidneys,  the 
combinations  of  chlorine,  and  of  phosphdiVsulphuric  and  lactic 


acids,  are,  so  to  speak,  mechanically  carr^^aBvayyia  the  water  in 
which  they  are  held  in  solution,  and  whflwernPtfk  the  textures 
of  the  kidney,  or  whether  their  separationis  to  D^regarded  as  a 
true  secretion  of  the  renal  cells,  due  to  their  organized  development, 
is  a  point  which  I  have  no  means  of  ascertaining.  An  accurate  ana- 
lysis of  the  kidneys  would  soon  show  whether  the  salts  which  have 
been  mentioned  do  or  do  not  belong  to  the  constitution  of  the  renal 
cells,  a  point  which  the  analysis  of  Berzelius  has  left  undecided. 
These  salts,  most  of  which  pre-exist  in  the  blood,  at  all  events  find 
their  way  into  the  renal  cells,  and  either  are  or  are  not  connected 
with  their  peculiar  vital  development  The  former  is  far  the  more 
probable;  and  in  that  case  the  secretion  of  the  salts  would  not  be  a 
mere  mechanical  act,  but  would  be  due  to  organic  causes. 

The  kidneys  separate  haemaphaBin  from  the  colouring  matter  pro- 
duced by  the  metamorphosis  of  the  blood-corpuscles,  and  the  pro- 
portion in  which  they  separate  it  is  larc;er  than  the  proportion  con*- 
tained  in  the^plasma,  a  circumstance  which  is  obvious  from  the  colour 
of  the  urine  being  generally  deeper  than  that  of  the  liquor  sanguinis. 
Hence  it  is  very  probable  that  a  portion  of  the  colouring  matter  is 
formed  by  the  metamorphosis  of  the  corpuscles  in  the  peripheral  sys* 
tem  of  the  kidney.  The  kidneys  likewise  separate  another  colouring 
matter,  uroerythrin;  in  a  normal  state,  only  in  a  slight  proportion, 
but  in  certain  pathological  conditions,  in  a  comparatively  large  quan- 
tity. Uroerythrin,  in  all  probability,  owes  its  origin  to  the  hsematin 
of  the  blood-corpuscles.  As  the  proportions  of  uric  acid  and  of 
uroerythrin  to  urea  are  very  small  in  normal  urine,  but  are  much 
increased  in  certain  pathological  conditions,  we  must  infer  that,  in 
these  latter  feses,  the  blood  undergoes  some  peculiar  change. 

Comparison  of  the  venous  blood  with  the  blood  qf  the  capillaries. 

It  is  well  known  that  blood  taken  from  the  body  by  scarification 
does  not  materially  difier  in  its  physical  properties  from  venous 
blood;  it  takes  about  an  equal  time  to  coagulate,  and  separates  into 
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clot  and  serum.  The  blood  which  flows  from  leech-bites  is  also 
similar  to  venous  blood.  From  comparative  analyses  of  venous 
blood  and  blood  taken  bv  leeches  or  cupping,  Dr.  Pallas^  concludes 
that  the  (so  termed)  capillary  blood  is  richer  in  solid  and  coagulable 
constituents  than  either  venous  or  arterial  blood. 

The  ratios  are  represented  by  the  following  numbers: 

2-550  :  3-100  and 

2-550  :  2-630 

Denis^  contradicts  these  statements;  he  observes  that  the  blood  of 
the  capillaries,  when  taken  by  cupping,  is  of  a  bright  red  colour  and 
very  plastic  if  it  is  taken  from  the  neighbourhood  of  a  large  artery, 
bat  that  it  is  dark  and  proportionally  less  plastic  when  drawn  from 
the  vicinity  of  large  venous  trunks;  so  that  its  characters  always 
present  a  certain  degree^  of  similarity  to  either  arterial  or  venous 
blood*  Denis  analyz  jlood  drawn  from  the  arm  of  a  man  aged 
70,  and  blood  tr^  ^n  hj  cupping  from  the  left  side  of  the  thorax  of 
the  same  indi^llual,  and  compared  the  results.  1000  parts  con- 
tained: 


Wttor 


Blood  from  the  •rm.  Blood  obtained  by  copping. 

790O  79(M) 

2-7  2^ 

560  54-0 

131-6  1334 

07  07 

8*0  8^ 

M  1«0 

1*0  1*0 

4*0  40 

21  20 

1-3  1-3 


ASiiiiiini 

Hamttin 

Qzideofiniii 

Phoii^ionBd  At 
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Denis  also  analyzed  the  blood  of  a  girl,  aged  27,  in  a  similar  man- 
ner, and  obtained  corresponding  results  from  both  forms  of  blood. 
(R^erches,  pp.  152,  153,  and  250.) 

IXTISW   OF   THE    MODIFICATIONS   AND   CHANGES   THAT   THE  BLOOD 
UNDERGOES  IN  THE  COURSE  OF  THE  CIRCULATION. 

Having  in  the  previous  section  given  my  views  respecting  the 
probable  changes  that  the  blood  undergoes  in  the  course  of  the  cir- 
culation, founded  partly  on  numerous  analyses  of  that  fluid,  and 
partly  on  conclusions  deduced  from  the  necessary  connexion  that 
exists  between  the  phenomena  of  secretion  and  of  metamorphosis; 
and  having  also  endeavoured  to  explain  the  variations  that  occur  in 
the  blood  of  the  same  individual,  through  the  influence  of  nutrition 
and  the  secreting  organs  (as  the  liver  and  kidneys,)  I  beg  once  more 
to  call  the  attention  of  the  reader  to  the  subject  under  consideration. 

«  Joonal  da  Chimb  MMicalB,  Oct  1888.  t  Redwdyaa,  p.  72. 
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My  views  regarding  the  formation  of  the  products  of  secretion 
from  the  changes  that  the  blood  undergoes  in  the  organism  require 
a  more  searching  investigation  before  confidence  can  be  placed  in 
them.  There  is  nothing  improbable  in  the  supposition  that  the  blood 
is  changed  in  the  manner  that  I  have  assumed;  I  can  as  easily  con- 
ceive that  the  urea  and  bilin  are  formed  by  the  mutual  action  of  the 
blood-corpuscles  and  the  liquor  sanguinis,  as  that  their  origin  is  de- 
pendent upon  the  liquor  sanguinis  alone;  but  for  reasons  already 
communicated,  there  is  a  greater  degree  of  probability  in  the  idea 
that  these  substances  are  produced  by  the  metamorphosis  of  the 
blood-corpuscles.  These  reasons  are  founded  more  on  the  intimate 
connexion  that  exists  between  the  products  of  secretion,  chanse  of 
matter  and  blood,  and  on  the  mutual  adaptation  and  principle  of 
compensation  in  the  organism  of  the  animal  body,  than  on  the  phy- 
sical and  chemical  ^  momentum  "  of  the  circulation  and  of  secre- 
tion ;  and  the  question  we  have  now  to  consider  is,  whether  in  the 
latter  there  is  not  something  directly  opposed  to  our  views  respect- 
ing the  metamorphosis  of  the  blood. 

Before  proceeding  to  these  investigations,  I  must  in  the  first  place 
revert  to  some  of  the  points  connected  with  this  metamorphic  action. 

The  first  and  principal  object  of  the  blood  is  the  nutrition  of  the 
organism,  and  for  this  purpose  the  circulating  fluid  is  modified  and 
consumed  in  the  peripheral  system.  We  have  conjectured  that  the 
extractive  matters  of  the  blood  which  are  removed  by  the  kidneys 
are  thus  formed.  The  constant  modification  and  consumption  of 
blood  dependent  on  the  act  of  nutrition  render  the  supply  of  finesh 
nutrient  fluid,  and  the  removal  of  effete  matter,  indispensably  neces- 
sary, since  a  proper  constitution  of  the  blood  is  requisite  for  the  due 
performance  of  the  function  of  nutrition.  The  effete  matters  are 
replaced  by  chyle  mixed  with  lymph ;  and  this  fluid  must  of  necessity 
be  converted  into  blood,  as  otherwise  the  blood  would  soon  consist 
entirely  of  chyle.  The  change  is  effected  by  the  formation  of  young 
blood  corpuscles,  (an  act  which  is  accompanied  by  the  consumption 
of  chyle-,  lymph-,  and  oil-corpusdes,)  and  by  the  fibrin  of  the  chyle 
becoming  more  plastic;  all  the  other  fluid  constituents  of  the  chyle 
are  similar  to  those  of  the  liquor  sanguinis,  except  that  there  is  tn 
excess  of  water  and  of  extractive  matters  in  the  former.  If  therefore 
we  suppose  a  continuous  formation  of  blood-corpuscles,  the  necessity 
for  their  consumption  must  be  sufficiently  obvious.  I  have  assumed 
that  fibrin  is  formed  as  a  consequence  of  this  consumption,  and  that 
this  newly-formed  fibrin  supplies  the  place  of  that  which  is  employed 
for  the  purposes  of  nutrition  in  the  peripheral  vascular  system.  I 
have  also  shown,  (page  139,)  that  there  is  no  difficulty  in  the  idea 
of  the  formation  of  albumen;  and  lastly,  I  attempted  to  show  that,  in 
all  probability,  urea,  uric  acid,  and  bilin  are  formed  as  a  consequence 
of  this  consumption  of  the  blood-corpuscles.  For  these  subi^ces 
must  necessarily  be  formed  as  products  of  the  changes  which  the 
constituents  of  the  blood  undergo  in  the  circulation,  and  are  not  (as 
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obteirations  on  starved  and  emaciated  individuals  show  us)  a  eonse- 

Suence  df  the  changes  which  the  circulating  fluid  undergoes  during 
le  nutrition  of  the  tissues,  but  are  dependent  on  the  metamorphic 
action  that  is  produced  by  the  respiratory  process.  It  is  principally 
the  blood-corpuscles,  (as  I  have  endeavoured  to  show,  in  page  133,) 
that  are  connected  with  the  consumption  of  oxygen;  and  when  we 
reflect  that  this  change  in  the  corpuscles  must  take  place  under  simi- 
lar conditions  in  animals  both  high  and  low  in  the  scale  of  develop- 
ment, we  can  understand  how  it  is  that  urea,  uric  acid,  and  bilin  oc- 
cur in  the  renal  and  hepatic  secretions  of  animals  of  nearly  every 
form  of  structure,  and  under  such  varying  phases  of  existence. 

I  will  now  proceed  seriatim  with  the  objections  that  may  be 
urged  against  my  views  respecting  the  metamorphosis  of  the  blood. 

Analyses  of  the  urine  show  us  that  it  contains  a  greater  amount  of 
urea  and  uric  acid  than  of  extractive  matters;  assuming  that  the  for- 
mer substances,  and  the  bilin,  are  products  of  the  metamorphosis  of 
the  blood-corpuscles,  and  that  the  latter  are  the  products  of  the  change 
that  the  plasma  undergoes  in  the  nutrition  of  the  peripheral  system, 
the  mass  of  the  former  is  greater  than  the  mass  of  the  latter.  If, 
moreover,  a  portion  of  the  extractive  matter  is  in  reality  not  re- 
moved by  the  kidneys,  but  is,  as  I  have  already  suggested,  in  page 
129,  again  adapted  in  the  circulation  to  the  purposes  of  nutrition, 
(serving  probably  for  the  cytoblastema  of  the  cells  of  the  cartilagi- 
nous and  gelatinous  tissues,)  then  the  separation  of  so  considerable  a 
quantity  of  the  product  of  the  metamorphosis  of  the  blood-corpuscles 
ought  still  to  surprise  us,  if  its  only  purpose  were  to  supply  the  fibrin, 
ana  possibly  a  part  of  the  consumed  albumen  in  the  plasma. 

It  can,  however,  be  easily  shown  that  another  and  a  much  more 
important  final  result  must  be  considered  in  the  consumption  of  the 
blood-corpuscles.  For  if,  as  I  have  shown,  in  page  133,  the  blood- 
corpuscles  are  principally  concerned  in  the  consumption  of  the  at- 
mospheric oxygen,  then  it  is  clear  that  the  greater  part  of  the  carbon 
which  is  exhaled  from  the  lungs  as  carbonic  acid,  must  originate  from 
them,  and  the  source  of  animal  heat  would  thus  be  chiefly  attributa- 
ble to  the  metamorphosis  of  the  blood-corpuscles.  Consequently, 
the  chemical  modifications  of  the  blood-corpuscles  are  of  at  least  as 
much  importance  as  the  act  of  nutrition  in  the  peripheral  system 
carried  on  by  the  agency  of  the  plasma,  inasmuch  as  they  are  subser- 
vient to  the  most  essential  and  indispensable  requisite  for  animal  life. 
The  other  purposes  of  the  corpuscles  appear  also  to  be  subservient  to 
this  great  end. 

If  the  blood-corpuscles  (from  the  period  of  their  development  up 
to  their  final  solution)  convert  as  large  a  quantity  of  carbon  as  is  ge- 
nerally assumed,  into  carbonic  acid,  in  order  to  maintain  a  proper 
degree  of  temperature,  then  we  cannot  be  astonished  at  tlie  amount 
of  the  products  of  secretion  of  the  kidneys  and  liver,  which  we  have 
assumed  to^be  consequent  on  the  metamorphosis  of  the  blood-cor- 
puscles; for  since  tlie  animal  matters  undergo  a  chemical  change  by 
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the  elimination  of  the  carbon,  the  products  which  are  then  formed 
must  be  removed,  in  order  that  the  blood  may  retain  its  normal  com- 
position. 

In  opposition  to  the  assertion  that  the  urea,  uric  acid,  and  bilin 
are  products  of  the  metamorphosis  of  the  blood-corpuscles,  it  may  be 
urged  that  the  daily  amount  of  these  secretions  involves  a  larger 
daily  consumption  of  blood  corpuscles  than  appears  to  be  consistent 
with  the  rate  of  their  reproduction,  as  far  at  least  as  our  knowledge 
of  the  act  of  formation  of  the  corpuscles  would  lead  us  to  infer. 

I  have  mentioned,  in  page  133,  that  the  blood-corpuscles  are  to  be 
regarded  as  ceils,  whose  development  must  be  considered  as  perfectly 
analogous  with  the  development  of  other  cells.  In  absorbing  from 
the  plasma  the  substances  requisite  for  their  nutrition,  and  in  reject- 
ing the  products  that  must  be  consequent  upon  the  act  of  absorption, 
they  obviously  exert  a  modifying  influence  on  that  fluid.  The  blood 
corpuscles  do  not,  however,  find  their  way  into  the  circulating  fluid 
in  a  matured  form,  but  their  cytoblasts  enter  it  as  germs  of  the  future 
corpuscles,  and  require  the  assistance  of  the  atmospheric  oxygen  to 
attain  their  perfect  development  The  only  hypothesis  we  can  frame 
regarding  the  primary  formation  of  the  blood-corpuscles  is,  that  they 
are  produced  from  the  plasma,  that  their  entire  development  and  in- 
crease of  bulk  is  due  to  the  reciprocal  action  of  the  young  blood-cor- 
puscular cells  and  plasma  on  each  other  at  the  expense  of  the  latter, 
and  that  up  to  the  moment  when  the  blood-corpuscles  cease  to  dis- 
charge their  functions  as  independent  organisms  in  the  circulation, 
every  change  that  occurs  in  them  must  be  accompanied  by  a  simul- 
taneous alteration  in  their  cytoblastema,  the  plasma. 

It  may  further  be  urged  that,  in  order  to  account  for  the  forma- 
tion and  secretion  of  urea,  uric  acid,  and  bilin,  there  is  no  necessity 
for  the  assumption  that  there  is  a  metamorphosis  of  the  blood-corpus- 
cles. These  substances  might  as  easily  have  been  formed  in  tlie 
process  of  chylification,  or  during  the  conversion  of  the  chyle  into 
blood,  or  from  the  albumen,  instead  of  from  the  corpuscles. 

I  have  already  mentioned  that  it  is  by  no  means  probable  that 
these  products  of  secretion  are  formed  in  the  act  of  nutrition,  since 
they  are  produced  in  fasting  persons,  and  even  when  nearly  all  the 
soft  tissues  are  wasted  away. 

We  do  not,  however,  intend  to  assert  that  nutrition  exercises  no 
influence  over  these  products,  or  that  the  peculiar  structure  of  each 
secreting  organ  is  not  to  be  considered.  Nevertheless  I  cannot  agree 
with  certain  physiologists  who  maintain  that  in  granivorous  animals, 
sugar  formed  in  the  chyle  is  the  cause  of  the  carbonic  acid  evolved 
from  the  lungs,  or  that  urea,  uric  acid,  and  bilin  are  formed  solely 
from  the  albumen,  and  that  the  blood-corpuscles  take  no  part  in  this 
action;  for  the  uniform  and  simultaneous  formation  of  carbonic  acid, 
urea,  uric  acid  and  bilin,  in  animals  whose  food  is  so  varied,  and 
whose  habits  and  conditions  of  life  are  so  diversified,  renders  it  pro- 
bable that  these  substances  are  simultaneously  formed,  as  a  conse- 
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quence  of  one  and  the  same  metamorphic  act  On  the  other  hand^ 
we  must  not  omit  to  notice  that  the  occurrence  of  the  non-nitroge- 
nous hippuric  acid  in  the  ruminantia,  the  excessive  production  of  uric 
acid  accompanied  frequently  with  a  total  absence  of  urea  in  birds 
and  amphibia,  and  the  inverse  ratio  in  which  these  substances  occur  in 
man,  monkeys,  &c,  as  likewise  the  different  chemical  relations  of 
the  bile  in  fishes  and  amphibia,  point  out  the  influence  of  nutrition 
and  of  the  organization  in  general  on  these  secretions.  What  is  the 
ultimate  purpose  of  the  blood-corpuscles  in  the  organism  if  they  do 
not  participate  in  the  formation  of  the^e  products,  and  if  they  expe- 
rience no  real  material  change?  The  idea  that  the  nutrition  of  the 
tissues  is  accomplished  by  the  aggregation  of  blood-corpuscles  is  now 
abandoned,  and  the  supposition  that  these  molecules  exert  a  vitalizing 
influence  on  the  organized  tissues  is  perfectly  unintelligible.  I  can 
form  no  conception  of  a  blood-corpuscle  that  is  not  undergoing  a 
continuous  material  change,  and  I  regard  this  change  as  the  ultimate 
object  of  its  existence. 

Daily  experience  shows  us  that  the  fluids  which  are  secreted  by 
the  principal  glands  take  their  origin  from  the  blood :  the  question 
then  arises  whether  these  secretions  exist  in  the  blood  itself,  that  is 
to  say,  whether  the  blood  which  enters  a  secreting  organ,  as  the  kid- 
ney or  liver,  indicates  a  difference  of  composition  as  it  leaves  that 
organ.  At  first  sight  we  should  doubtless  answer  this  question  in 
the  affirmative;  but  taking  into  consideration  the  rapidity  of  the  cir- 
culation, and  the  short  space  of  time  in  which  the  same  blood  is  suf)- 
posed  to  remain  in  an  organ,  it  is  obvious  that  the  detection  of  the 
changes  in  the  blood,  due  to  the  removal  of  the  secretions,  will  be  a 
task,  if  not  absolutely  impossible,  at  least  extremely  difficult 

The  question  whether  the  blood  of  the  same  individual  possesses 
any  traceable  differences,  is  most  intimately  connected  with  the  phy- 
sico-chemical ^^  momentum  "  of  the  circulation;  although  sufficient 
facts  and  experiments  are  still  wanting  to  enable  the  point  to  be  de- 
cisively settled,  I  believe,  from  an  estimate  of  all  that  is  at  present 
known  on  the  subject,  that  we  are  warranted  in  the  assumption  that 
there  does  exist  a  difference  in  the  blood  of  one  and  the  same  indi- 
vidual. 

According  to  Bering's  experiments,*  (in  which  he  injected  ferro- 
cyanide  of  potassium  into  the  veins  of  horses,)  the  blood  performs 
the  circuit  of  the  body  in  from  20  to  30  seconds.  Several  authorities 
are  opposed  to  this  statement  It  is  evident  that  the  blood,  as  it  is- 
sues from  the  hearty  proceeds  in  smaller  and  larger  circles;  the  small- 
est are  those  which  it  describes  through  the  heart  itself  and  the  lun^ 
the  larger  are  those  through  the  extremities,  and  it  must  require  dif- 
ferent times  to  go  over  these  different  spaces,  and  besides  this,  its 
course  is  differently  impeded  in  the  capillary  system  of  the  different 
organs.     Thus  one  portion  of  the  blood  may  frequently  pass  through 

1  Treriranui  Zeiticfarift  far  Phyaologie,  1832,  p.  85. 
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the  heart  and  lungs,  while  another  portion  has  only  made  one  com- 
plete circuit,  and  traces  of  the  injected  ferrocyanide  of  potassium 
which  permeates  uniformly  the  whole  mass  of  the  blood,  may  there- 
fore be  found  after  a  short  time  in  parts  of  the  system  remote  from 
the  heart,  which  have  not  gone  the  perfect  circuit  through  the  heart, 
lungs,  and  all  the  organs.  This  appears  to  be  very  evident  from  the 
fact  that  some  of  those  salts  which  are  supposed  to  be  rapidly  elin(ii- 
nated  by  the  kidneys,  may  be  detected  for  a  considerable  period^  in 
the  blood.  Thus  I  have  observed,^  that  when  iodide  of  potassium 
was  taken  at  four  o'clock  in  the  afternoon,  its  presence  was  traceable 
in  the  urine  till  nine  the  next  morning;  and  Hering*  found  ferrocy- 
anide of  potassium  in  the  urine  of  a  horse  two  days  after  it  had  been 
injected.  Hence  the  whole  mass  of  the  blood  occupies  a  considera- 
ble time  in  passing  through  the  renal  arteries,  or  else  the  kidneys  do 
not  remove  all  the  foreign  constituents  from  the  blood  that  passes 
through  them. 

Others  have  calculated  the  rapidity  of  the  circulation  by  the  quan- 
tity of  blood  projected  by  the  heart  at  each  systole.  Reckoning 
this  quantity  at  from  1  to  2  ounces,  and  the  whole  amount  of  blood 
in  the  human  body  at  30  pounds,  it  would  take  from  3  to  7  minutes 
(assuming  the  pulse  to  be  75  in  the  minute)  for  all  this  blood  to  pass 
through  the  heart  Since,  however,  the  blood  in  the  smaller  circles 
passes  more  frequently  through  the  heart  in  a  eiven  time  than  the 
blood  in  the  larger  circles,  and  since  it  is  variously  impeded  and  de- 
layed in  the  different  organs,  we  must  not  consider  that  the  absolute 
mass  of  the  blood  of  the  whole  body  is  represented  by  the  identical 
30  pounds  which  pass  through  the  heart  in  from  3  to  7  minutes. 
The  quantity  of  blood  in  an  adult  has  likewise  never  been  accurately 
determined.  Hales  places  it  at  25  pounds;  the  maximum  is,  how- 
ever, calculated  to  amount  to  30  pounds;  and  when  we  consider  the 
extremely  large  quantity  of  blood  that  is  retained  in  the  capillary 
vessels,  this  estimate  is  probably  too  low. 

That  the  rapidity  with  which  the  blood  circulates  varies  inversely 
with  the  distance  from  the  heart  is  an  established  fact  In  the  ca- 
pillary system  its  progress  is  the  most  torpid.  Omitting  the  consi- 
deration of  the  various  mechanical  impediments  that  meet  the  blood 
in  the  capillaries,  it  must  be  remembered  that,  if  the  blood  is  the 
real  nutrient  fluid  of  the  body,  there  must  be  a  necessary  attraction  be- 
tween it  and  the  organs  it  has  to  nourish.  The  blood  in  the  capillary 
network  permeates  the  tissues,  or  (to  speak  more  correctly)  the  cells 
of  the  tissues  attract  from  the  blood  their  proper  nutriment  It  is 
clear  that  this  must  delay  the  course  of  the  blood  in  the  peripheral 
system,  to  what  amount  it  is  impossible  to  say,  but  in  all  probability 
the  delay  will  vary  directly  with  the  intensity  of  the  action  between 
the  blood  and  the  tissues,  and  with  the  amount  of  the  change  of  mat- 
ter.    The  greatest  delay  will  most  probably  occur  in  the  kidneys 

1  Simon,  Die  Frauenmikfa  nach  ihrem  cfaemiachen  und  physiologiKfaen  Verhalten.  Ber- 
lin, 1838,  p.  75.  s  Op.  dt.  pi  96. 
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and  in  the  liver,  since  they  afford  the  largest  amount  of  secreted  mat- 
ters. Even  if  the  amount  of  the  secretions  did  not  indicate  a  heigh- 
tened cellular  activity,  it  would  be  sufficiently  proved  by  the  struc- 
ture of  the  organs  themselves,  for  they  are  permeated  by  such  an  ex- 
tremely abundant  and  dense  capillary  network,  and  such  very  deli- 
cate venous  twigs  closely  encircle  their  excretory  ducts,  that  the 
tissue  is  brought  in  contact  with  the  blood  at  every  point  and  in 
every  direction. 

The  chemical  constitution  of  these  organs  is  likewise  so  peculiar, 
that  we  might  infer  that  the  cells  would  exert  a  particular  influence; 
for  the  muscular  tissue,  serous  membrane,  lung,  &c.,  when  triturated 
with  water,  yield  little  else  than  some  of  the  constituents  of  the 
blood  from  the  capillary  vessels,  while  the  liver  and  kidneys  by 
trituration  yield  a  pappy  mass,  which  is  for  the  most  part  soluble  in 
water,  contains  much  fat  in  a  state  of  suspension,  and  leaves  only  a 
small  amount  of  solid  residue  (18'9§  in  the  liver,  and,  according  to 
Berzelius,  even  less  in  the  kidneys,)  consisting  of  shreds  of  vessels 
and  membranes. 

From  the  observations  already  made,  we  may  infer  that  the  blood 
undergoes  a  much  more  rapid  metamorphosis  in  the  kidneys  and 
liver  than  in  the  tissues  of  the  muscles,  bones,  &c.  If  it  were  possi- 
ble to  determine  the  time  during  which  the  same  blood  remams  in 
these  organs,  then  we  might  decide  with  some  degree  of  certainty 
whether  the  blood  which  emerges  from  them  differs  in  its  composi- 
tion from  that  which  enters  them.  We  have  seen  that  there  are 
reasons  for  assuming  that  the  circulation  is  delayed  in  these  organs. 
If  we  suppose,  with  Haller,*  that  the  eleventh  part  of  the  whole 
blood  passes  through  the  kidneys,  and  that,  consequently,  at  each 
systole  of  the  heart  four  scruples  are  driven  into  them,  then,  assum- 
ing that  the  kidneys  contain  from  four  to  six  ounces  of  blood,  and 
that  the  rapidity  of  the  circulation  in  them  is  the  same  as  in  the 
aorta,  the  same  blood  will  remain  in  these  organs  for  about  one 
third  or  one  half  of  a  minute.  But  taking  into  consideration  the 
various  facts  that  we  have  adverted  to  regarding  the  impeded  cir- 
culation in  these  organs,  we  can  scarcely  doubt  that  the  blood  is 
detained  in  them  for  a  very  considerable  period.  According  to 
a  calculation  made  by  Keil,  and  quoted  by  Hales  in  his  ^Medical 
Statics,'  the  blood  remains  in  the  kidneys  for  several  hours. 

R.  Wagner*  measured  the  rapidity  with  which  a  blood-corpuscle 
moves  in  the  capillary  system,  and  found  that  it  traversed  a  course 
of  from  12  to  15  lines  in  the  course  of  a  minute.  If  the  motion  of 
the  corpuscles  and  of  the  blood  is  supposed  to  be  equal,  and  if  the 
blood  progresses  in  the  large  vascular  trunks  at  the  rate  of  eight 
inches  in  one  second,  and  consequently  480  inches  in  one  minute, 
then  the  rapidity  of  the  blood  in  the  larger  trunks  will  be  to  the  ra- 
pidity in  the  capillaries  in  the  ratio  of  from  480 — 384 :  1 ;  a  calcula- 

1  Elem.  Plij&,  vol  S,  p.  467.  >  Lefaibucfa  der  Pbyaologie,  part  2,  p.  ]93. 
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lion  tending  to  show  that  the  blood  remains  in  the  kidneys  for  a 
space  of  from  one  to  two  hours. 

To  this  it  may  be  objected  that  the  phenomena  of  resorption  are 
opposed  to  these  results,  and  that  if  the  renal  veins  convey  away  as 
much  blood  as  is  conducted  to  the  kidneys  by  the  renal  arterieS| 
this  protracted  delay  would  be  impossible.  We  cannot,  however^ 
determine  with  certainty  the  amount  of  blood  that  enters  the  kid- 
neys, for  there  is  no  necessity  that  the  whole  mass  of  the  blood 
should  flow  through  them  as  through  the  lungs;  moreover,  only  one 
branch  of  the  aorta  enters  this  viscus^  and  while  the  tendency  of  the 
blood  is  to  flow  in  the  direction  in  which  it  meets  with  the  least 
opposition,  thefe  is,  perhaps,  no  organ  in  the  whole  body  that  oflers 
a  greater  resistance  than  the  kidney.  The  chemical  change  that 
the  blood  undergoes  in  the  kidneys  must  likewise  be  much  more 
rapid  than  in  the  capillary  vessels  of  many  other  tissues,  since,  in  ad- 
dition to  the  larze  amount  of  secretion  that  they  yield,  a  portion  of 
the  consumed  blood  is  carried  away  by  the  lymphatic  vessels. 

Let  us  now  endeavour  to  ascertain  how  long  it  would  be  ne- 
cessary for  the  blood  to  remain  in  the  kidney,  in  order  that  the  con- 
tents of  the  renal  veins  should  exhibit  chemical  peculiarities  depen- 
dent on  the  action  of  the  gland.  Assuming  that  a  healthy  man  se- 
cretes about  40  ounces  of  urine  in  24  hours,  and  that  the  change  de- 
pendent on  the  secretion  of  10  ounces  of  urine  from  1000  ounces  of 
blood  may  be  detected  by  the  changed  proportion  of  the  water,  then, 
omitting  all  consideration  of  the  lymphatic  vessels,  4000  ounces  of 
blood  would  pass  through  the  kidney  in  24  hours,  in  order  to  se- 
parate 4Q  ounces  of  urine.  According  to  this  calculation,  250  pounds 
of  blood  would  pass  through  the  kidneys  in  24  hours,  about  10 
pounds  in  one  hour,  and  1  pound  in  six  minutes;  and  assuming  that 
Doth  kidneys  contain  six  ounces  of  blood,  this  blood  must  be  re- 
tained in  them  for  at  least  two  minutes.  This  period  is  much  shorter 
than  those  deduced  by  Keil  and  Wagner,  in  which  it  amounts  to 
hours. 

I  think  we  may  fairly  conclude,  from  the  preceding  observations, 
that  the  changes  which  the  blood  undergoes  in  its  composition  while 

Eassing  through  the  kidneys  and  liver,  are  appreciable;  for  if  we 
ave  snown  the  probability  of  the  correctness  of  the  statement  in 
the  case  of  the  kidneys,  there  can  be  no  question  that  it  is  true  in 
the  case  of  the  liver,  which  is  every  where  permeated  by  the  torpid- 
ly circulating  blood  of  the  vena  portae..  • 

On  the  absolute  composition  of  healthy  venous  blood. 

It  cannot  be  doubted  but  that  the  blood  of  difierent  individuals  in 
a  state  of  perfect  health  will  exhibit  differences  of  composition, 
and  that  it  would  be  the  merest  chance  if  the  composition  of  the 
blood  of  two  persons  were  found  to  be  precisely  the  same.  The 
circumstances  capable  of  inducing  a  change  in  the  composition  of 
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the  blood  are  very  numerous.  Different  methods  of  life,  and  various 
modes  of  nourishment,  might  cause  such  changes ;  but,  independently 
of  these  external  influences,  there  are  others  connected  with  the  in- 
dividual which  must  modify,  to  a  greater  or  lesser  degree,  the  com- 
position of  the  blood,  as,  for  instance,  the  influences  of  sex,  age  and 
temperament 

It  is  extremely  difficult  to  determine  a  formula  for  the  composi- 
tion of  normal  blood  that  would  serve  as  a  standard,  by  comparison 
with  which  we  might  detect  absolute  deviations  in  other  forms  and 
specimens  of  blood,  on  account  of  the  variable  nature  of  the  fluid, 
changing  even,  in  the  same  individual  at  different  periods  of  the  day, 
and  in  accordance  with  the  food  that  has  been  taken. 

In  a  medical  point  of  view,  the  composition  of  venous  blood  is 
the  most  interesting,  because  it  is  from  the  veins  that  blood  is  almost 
always  taken  in  disease,  and  because  venous  blood  can  naturally 
only  be  compared  with  venous  blood  for  the  purpose  of  ascertaining 
any  deviations  that  may  occur. 

Before  attempting  to  give  a  decided  opinion  on  the  normal  com- 
position of  venous  blood,  it  would  be  requisite  that  numerous  ac- 
curate analyses  of  the  blood  of  healthy  males  and  females  of  different 
ages  should  be  instituted.  Possibly  we  should  also  regard  the  in- 
fluence of  their  various  modes  of  life,  and  (if  we  ascribe  any  influence 
to  the  circumstance)  of  their  temperaments. 

Experiments  of  this  nature  are  still  wanted,  and  the  contributions 
hitherto  made  with  that  object  by  no  means  meet  the  exigencies 
of  the  case.  Many  difficulties  present  themselves  in  such  an  investi- 
gation. 

It  is  not  an  easy  matter  to  select  individuals  from  whose  state  of 
health  we  can  infer  that  the  composition  of  the  blood  closely  ap- 
proximates to  the  normal  standard,  and  after  the  selection  is  made 
it  is  still  harder  to  convince  them  of  the  advantage  or  necessity  of 
venesection  in  their  own  cases. 

I  was  obliged  to  content  myself  with  two  such  analyses,  one  of 
the  blood  of  a  young  man,  the  other  of  an  unmarried  female. 

Analysis  13.  N — ,  aged  17  years,  a  servant,  of  sanguineous  tem- 
perament, nearly  full  grown  and  properly  developed,  chest  well 
arched,  respiratory  and  digestive  organs  healthy,  countenance  florid 
and  blooming,  was  bled  from  the  arm.  The  blood  was  apparently 
rather  brighter  than  usual,  and  when  allowed  to  stand,  separated 
into  a  bright  red,  uniformly  coloured,  copious,  and  properly  consis- 
tent clot,  and  a  clear  bright  yellow  serum. 

A  portion  of  the  blood  was  whipped  as  soon  as  it  was  drawn, 
and  the  analysis  was  conducted  in  accordance  with  my  ordinary 
plan. 

1000  parts  contained: 

WatCT 791-900 

Solid  residue SOd-lOO 

Fibnn        ^ 2*011 
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Fat 1-978 

Allmmen 7&500 

Globulm 105-165 

Hannatm 7-181 

Extractive  matter  and  Mite  ...  14.174 

100  parte  of  blood^orpuades  oontuned  6*3  of  hnmatin  and  hwnaphain. 

Analysis  14.  S — j  a  servant  girl,  aged  28  years;  temperament 
rather  phlegmatic  than  sanguineous;  tall,  strong,  and  vigorous;  coun- 
tenance healthy ;  digestion  good ;  had  menstruated  a  fortnight  before. 
The  blood  from  the  arm  appeared  rather  dark,  and  on  being  left  to 
itself  separated  into  a  considerable  clot,  and  bright,  clear  yellow 
serum. 

1000  parts  of  this  blood  contained : 

Water 79^666 

Solid  roeidue S»l-344 

Fibrin 2^08 

Fat 2-713 

Alboroen 77-610 

Globulin 100-890 

Hcmatin 5*237 

Extractive  matter  and  alte   -        -        -  9-950 
100  parte  of  blood^orpuades  contained  5*2  of  Imnatin  and  hamaphaiD. 

These  two  analyses  indicate  a  great  similarity  between  the  blood 
in  both  sexes  in  a  state  of  health ;  and  if,  in  the  absence  of  other  and 
better  experiments,  we  venture  to  take  these  as  descriptive  of  the 
composition  of  normal  blood,  we  may  give  its  leading  features  in  the 
following  terms.  //  contains  about  20%  of  solid  constituents ;  not 
much  more  than  0-2  J  of  fibrin,  and  about  an  equal  quantity  qf 
fat;  the  blood  corpuscles  considerably  exceed  the  albumen  in 
quantity,  and  contaifi  about  5%  or  6%  of  colouring  matter. 

Lecanu,  although  his  method  of  analyzing  the  blood  is  different, 
obtains  similar  results.  He  has  given  in  his  Thesis,*  ten  analyses  of 
healthy  venous  blood,  which  I  shall  here  communicate. 

ExinctiTe  matter. 

Age.  Water.  Solid  retidue.  Albumen.  Blood-corpuiclet.  talti,  ami  colouriBf 

matter. 

45  780-210         219-790  72-970  132820  14-000 

26  790-900         209-100  71-560  128'670  Wi70 

36  782-271  217-729  66H)90  141-290  10-349 
38  7a3-890  216-109  67-890  148-450  9-770 
48  805-263  194-757  65-123  117-484  12-120 
62  801-871  198-129  65-389  121-640  11-100 
32  785-881  214-119  64-790  139-129  10-200 
26  778-625  221-375  62-949  146-685  11-541 
30  788-323  211-677  71-061  131-688  8-988 
34  795-870         204-130  78-120  115-850  10-010 

The  mean  of  these  analyses  would  give — 

37  789-320    210-680      68-059        132-490  10-688 

From  these  analyses  we  therefore  obtain  about  21^  of  solid  residue^ 
and  a  larger  proportion  of  blood- corpuscles  than  albumen.  Lecanu 
assigns  to  the  fibrin  rather  a  larger  proportion  than  I  do,  viz.  *29}. 


i  Etudes  dumiqnea  sixr  le  Sang  humain,  etc.,  p.  62. 
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The  analyses  of  Denis,  (althongh  from  the  very  different  manner 
in  which  they  were  conducted,  their  results  cannot  be  very  well 
compared  with  mine,)  upon  the  whole,  support  my  statements  with 
regard  to  the  proportions  in  which  the  most  important  constituents 
occur. 

I  shall  give  some  of  his  analyses  in  a  condensed  form,  reducing 
them  to  the  relative  proportions  of  water,  solid  residue,  fibrin,  blood- 
corpuscles,  and  albumen. 

The  venous  blood  of  healthy  men  contained  in  1000  parts: 

DeiSriwork.         ^^'       ^*^«'*       Solid  resklae.       Fibrin.       AlbonMn.       Blood-corpoielet. 

46  21        733-0  267*0  2-3  55-0  182-9 

56  25        7320  26&0  2-5  60-0  181-4 

13  31  7660  234-0  2-1  6»2  149-2 
42                 36        758-0             2420             20           620  1550 

9  40       733  0  2670  2-7  52*3  186-0 

38  50        748.0  2520  2-5  550  170-6 

57  54        7700  230O  2-3  570  145-3 

14  65        800O  200O  3-1  60O  114-8 

15  70  790  0  210-0  2-7  560  131-6 
41                 78       7810             2190             2-5           610                  130-4 

The  venous  blood  of  women  gave,  in  1000  parts: 

2  22       780-0  22UO  2«  60O  133-4 

47  .33        7730  2270  20  590  140O 

48  48  7860  214  0  3-1  60O  1260 
35                50       7950             205O             2-1           58-4  110-3 

The  venous  blood  of  virgins  gave,  in  1000  parts: 

39  22  814.0  1860  27  60O  lOOO 
33  38  7740  2260  2-7  68-4  131-5 
29                48       7600             240O             2-7           50O                  162-4 

In  my  observations  on  Denis's  method  of  analyzing  blood  I  point- 
ed out  the  reasons  why  some  of  the  constituents  would  not  be  cor- 
rectly determined.  It  is  obvious  that,  in  these  analyses,  two  of  my 
characteristics  of  healthy  venous  blood,  namely,  the  proportions  both 
of  the  solid  constituents  and  of  the  blood-corpuscles  are  given  in  ex- 
cess. 1  fix  the  proportion  of  the  solid  residue  by  an  exact  determi- 
nation of  the  water,  at  about  20^,  whereas  these  analyses  would  bring 
it  up  to  26*8^.  Still  greater  discrepancies  occur  in  the  relative  pro- 
portion of  the  albumen  to  the  blood-corpuscles.  In  my  analysis  the 
proportion  of  the  albumen  to  the  haemato-globulin  (the  principal  con- 
stituent of  the  blood  corpuscles)  is  as  75:  100  or  1:  1.5.  The  pro- 
portion assigned  by  Lecanu  is  much  the  same,  but  approximates  to 
the  ratio  1:2;  whereas  Denis's  proportion  is  usually  1:  3  and  often 
higher.  Denis's  amount  of  fibrin  is  larger  than  mine,  but  less  than 
Lecanu's,  for  if  the  mean  of  the  first  10  of  his  analyses  be  taken,  the 
result  is  -24^. 

In  the  estimation  of  the  colouring  matter  there  are,  as  might  have 
been  anticipated,  considerable  differences.  The  mean  of  my  two 
analyses  gives  it  as  6*2  in  1000  parts  of  blood;  and  in  100  parts 
of  hsemato-globulin  the  average  is  5*7. 

This  quantity  of  colouring  matter,  when  estimated,  according  to 
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mv  method,  from  an  analysis  of  8-^12  grains  of  dried  blood,  con- 
tains, moreover,  hxmaphaein  and  some  fat;  in  consequence  of  the  very 
small  portion  in  which  the  two  latter  occur,  (the  former  being  fre- 
quently not  more  than  from  *14  to  -3,  and  the  latter  about  *d  of  a 
grain,)  I  seldom  attempted  their  separation  unless  I  had  reason  to 
believe  that  a  considerable  quantity  of  haemapha&in  was  present 
The  quantity  of  haematin,  in  my  two  analyses,  is  therefore  placed  ra- 
ther too  high.  Lecanu  estimates  the  lucmatin  in  1000  parts  of  blood 
at  2*27,  which  is  considerably  less  than  half  my  average.  This  dif- 
ference is  owing  partly  to  the  circumstance  of  Lecanu's  analyses 
being  made  with  blood  corpuscles  not  thoroughly  deprived  of  Uieir 
fibrin,  and  which  possibly  retained  a  portion  of  moisture,  and  partly 
to  the  fact  that  Lecanu,  by  working  on  larger  quantities,  was  enabled 
to  remove  all  the  hsmaphsin  and  fat  The  average  quantity  of  per- 
oxide of  iron  in  Denis's  experiments  amounted  to  *09^,  which  would 
correspond  (according  to  my  own  and  Lecanu's  analyses,}  with  about 
0*9  of  haematin. 

From  the  10  analyses  of  man's  blood,  the  mean  quantity  of  blood- 
corpuscles  is  15*8}.  Hence  Denis  perfectly  agrees  with  me  in  the 
consideration  that  the  blood-corpuscles  contain  5*7}  of  hsmatin. 

1  have  not  attempted  any  separation  of  the  salts:  Denis  has,  how-  ' 
ever,  in  all  his  analyses,  determined  the  carbonates,  phosphates,  and 
chlorides. 

It  results  from  his  important  and  elaborate  observations,  that  al* 
though  the  relative  proportions  of  the  salts  vary  considerably,  the  li- 
mits to  which  they  are  restricted  are  not  very  extended.  I  shall  now 
give  the  quantity  of  the  salts  in  the  10  analyses  of  man's  blood,  pre- 
serving the  same  order  of  succession  as  before. 

1000  parts  of  healthy  venous  blood  in  a  man  contained: 


ro.in  ••■ 

it*t  work. 

• 

Carbonate 

Chloride 

*A«e. 

of 
•oda. 

of 
■odiam. 

46 

23 

8-0 

4-9 

56 

25 

SO 

4-2 

J3 

31 

1-8 

40 

42 

36 

1*0 

40 

9 

40 

2*1 

M 

38 

50 

1-3 

40 

57 

54 

24) 

4-9 

14 

65 

2>l 

50 

15 

70 

1-0 

40 

41 

78 

1-5 

4-8 

Chloride 

Carbon  atl^ 

Phoq>hate  of  lime. 

of 

of 

withtraoee 

potanium. 

lime. 

pboepiiau  of  mac neeia. 

30 

20 

OO 

-     30 

20 

06 

ftl 

1-2 

07 

3-1 

80 

0-3 

2-3 

10 

OA 

2« 

1-3 

06 

3-5 

vr 

05 

lO 

1-3 

Wi 

2-1 

1*3 

OO 

34 

1-7 

06 

The  mean  deduced  from  these  10  analyses  ii 

47  lO  4-4  2-7  10  06 

And  the  average  proportion  of  the  salts,  collectively,  would  be 
11*1  in  1000  parts  of  blood. 

[Nasse  has  analyzed  human  blood,  and  found  in  100  parts: 

Water 796-409 

Solid  coofltitiaenti         ....       801-596 
2483 
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Fit 1-&70 

Attmrnn     «        •       ...       .  74*194 

BloodoRpQicfef llCr529 

Soluble  salts 6-673 

Tlie  soluble  salts  consisted  of — 

AOutine  phosphates  -       -       •       -  0-823 

Alkalme  salphates  ....  04202 

Alkaline  cartwnates  ....  0^7 

Chloride  of  sodium  ....  4*690 

« 

6^79 

The  insoluble  salts  were  also  estimated  as  follows: 

Peradde  of  inn 0-634 

Lime 0-183 

PhoRihoric  acid 0^1 

Bu^ihuricacid 0-062 


The  insoluble  salts  and  extractive  matters  are  probably  included, 
in  Nasse's  analysis,  in  the  albumen. 

Becquerel  and  Rodier  have  recently  published  an  elaborate  me- 
moir on  the  composition  of  the  blood  in  health  and  disease.  Their 
method  Iff  analysis  is  founded  on  nearly  the  same  principles  as  that 
of  AiMfaMp  and  Gavarret,  which  will  be  found  at  the  commencement 
of  our  seetion  on  Diseased  Blood. 

The  following  table  is  drawn  up  from  the  analyses  of  the  blood  of 
11  men,  varying  in  age  from  21  to  56  years,  all  of  whom  were  con- 
sidered by  the  experimenters  to  be  in  perfect  health. 

Mean.  Max.  Min. 

0enflibr«rde6briiialedblood       •       1060-2  1062O  1058K) 

~      *      '                                        1028K)  1030O  1027-0 

7990  800O  760O 

201*0  240-0  200-9 

2-2  3-5  .1*5 

M  6«  20 

69-4  730  62-0 

141-1  1520  1310 

66  8-0  50 

1000  parts  of  indnerated  blood  contained: 

Mean.  Mai.  Min. 

Chloride  of  sodium    ...           3-10  4*20  2-3^ 

Other  sohilile  salts     ...           2-50  3^  20U 

Earthy  phonhates     -       •       -           0-33  0-70  0-22 

Inn          .       .       ...           0-56  0O3  0-51 

The  composition  of  the  blood  in  the  healthy  female,  zs  deduced 
from  eight  analyses,  is  given  in  the  following  table: 

Mean.  Max.  MJn. 

Density  of  defibrinated  blood       -       1057-5  1060O  1054O 

DeiMityofsenmi       .       .       -       1027*4  1030O  1026O 

Water 791-1  8130  7730 


Density  of  serum 
Water      * 
Solid  GOMtitiMntB 
FHirin      • 
Fat* 

Albamen  *       *• 
Blood-f^obqka  • 

mattaBi  and  saUa 


1  This  M  oontained:  Mean.  Max.  Min. 

SecofiQ    ....  0O20  0O80  iiiappreciable. 

PhosDhori»d6t       .       .  0*488  1*000  6«70 

GhoMoin       .       -       -  9068  0-175  0O30 

e^pooifiedftt   •  •  1004  1^000  0-700 
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Max. 
M 

137-5 


BoBd  iimtitiMli      .       .       .  90fr9      ' 

FBxin M 

Tat* M 

AnmmBn  -       •       •       •       •  7IK6 

Blood^obolM  ....  187-9 
Eztiictife  mttteii  and  alti  7*4 

1000  parts  of  the  incinerated  blood  contained: 

Mean.  Maa. 

Chlorida  of  aodiiim         •       -        990  4-00 

Odier  aoliiUe  adia  -       •       S^90  9O0 

Eartfaj  pbiaiihatM  0*35  065 

Itod (HS4  0^7 


Mia. 

1870 
1-6 
M 

6S4) 

1130 
M 


Mia. 
»50 
MO 

(h48 


The  salts  have  been  analyzed  by  Marchand.  They  amount  (he 
observes)  to  6*28— -6*82^  of  the  dried  residue.  The  four  following 
analyses  are  given  in  his'Lehrbuch  der  Physiolopschen  Chemie:' 


Chloride  of  lodhmi 
C^londa  of  potiMniiii 
Caxbonateoiaoda 
Svlphale  of  Soda 
PlMMphaiB  of  loda 
PlMMplMla  of  ImiB 
PhoinbalB  of  migDflNi 
Lactate  of  aoda    - 


1. 
301 
0-39 
OOS 
031 
066 
095 
031 
038 
019 


3. 
3-43 
091 
053 
058 
079 
031 
O30 
038 
OlO 


a 

S-Sl 
031 
078 
038 
068 
098 
095 
035 
GOO 


4. 

309 
038 
061 
048 
069 
000 
098 
094 
008 


068  038     078     089 

la  100  parts  of  the  ash  of  human  blood  there  are  contained,  ao* 
cording  to  Enderlin : 

Tribaacphoaphateofaoda(3Na,POJ  -  SS-lOO) 

Chlorida  of  «idhiin        ....  54.760  fgj^^,,,^^ 

.  3^461  S 

.  3036 

.  0769  S=  15-175  hMohiUe 


Chloride  of  potaanuDi 
ofioda    . 


Sulphate 

Fhcaphateof  time  . 

Phoi^hate  of  magneria 

Penande  of  iroo  and  phomhate  of  iron     -    1O770 

On  the  differences  qf  the  bloody  dependent  on  sex. 

Lecanu'  concludes  from  his  analyses  that  the  venous  blood  of  males 
is  richer  in  solid  constituents  than  that  of  femalesi  but  that  the  quan- 
tity of  albumen  in  both  is  the  same.  The  following  are  the  maxima, 
minima,  and  mean  results  of  his  analyses: 


Maxinram 
Mimiiiinn 
Mean 


JArakntun 


Water  in  Teaoas  blood 

of  men. 

805063 

778025 
•       791044 

AllwinMn  in  ditto. 
78O70 
57O90 


IMtte  ia  tbac 
of  feaiaiaaB 
853*135 
790394 
891-764 

Albumen  in  ditto. 
74-740 
60-159 
66049 


iatoonteined: 
serolm  * 

Fho^diomed  iat 
i/noweterm 
Saponified  iat 


Mean.  Mui.  Mia. 

0O30  0O60  iiMHimiidLlB. 

0464  OOOO  (teO 

O090  0000  0O95 

1046  lOOO  0795 


■  Etodea  Quouqiiea,  ete.,  p.  65;  or  Joamal  do  PhanntcM^  folr  18,  pr551. 
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Having  only  made  two  analyses  of  the  blood  of  healthy  persons,  1 
am  not  in  a  position  to  draw  any  inferences  regarding  differences  in 
its  composition,  dependent  upon  sex.  I  have,  however,  deduced,  from 
Denis's  analyses,  a  table  indicating  the  differences  that  exist  between 
male  and  female  blood,  at  the  same  age. 

Bl—d^Maht:  Water.        Blood  eorpoielot.    Albamen.  Fikrin. 

Alwdimim  -  -  790H)  197-1  63H)  M 

MiDimum  •  -  733-3  l(ffi-0  b'St^  ^\ 

MettQ  .  -  758-0  147-0  57-5  S>5 

Blood  €f  fomuJiu: 

MazimiiiD  -  •  820O  1(J8*4  6&4  30 

Mmimum  -  -  750H)  88-1  500  OiiS 

Mean  -  -  7730  1380  61-2  0-27 

Hence  it  appears  that  the  analyses  of  Denis^  bear  out  Lecanu's  state- 
ment with  regard  to  the  smaller  proportion  of  water  in  male  than  in 
female  blood;  the  albumen,  however, appears  to  be  rather  more  abun- 
dant in  female  than  in  male  blood.  The  proportion  of  blood-corpus- 
cles is  smaller,  and  of  fibrin  rather  larger  than  in  the  blood  of  the 
male. 

[From  the  analyses  of  Becquerel  and  Rodier,  it  appears  that  the  in- 
fluence of  sex  is  so  great,  that,  in  order  to  arrive  at  any  correct  con- 
clusions respecting  the  deviation  of  morbid  blood  from  the  healthy 
standard,  diseased  male  and  female  blood  must  be  always  contrasted 
with  the  respective  male  and  female  blood  in  a  state  of  health.  The 
mean  differences  may  be  seen  by  a  glance  at  the  following  table: 


(^  defibrinated  blood 

Deuity  ofMmm     • 

iVater    -        •        - 

Fibnn    •        •        • 

Sinn  of  fiitty  matters 

Serolin    - 

Phoiiphorbed  &t 

Cholesterin 

Siqxnified  6t 
Albamea 
Blood-ooipiiBdee 
ExtzBctive  mattere  and  mIIi 

Chloride  of  aodiom 

Other  aohible  salts 

Earthy  phosphates 

Inn 

Hence  female  blood  differs  materially  from  the  blood  of  the  male 
iu  the  amount  of  water  and  of  blood-corpuscles.] 

On  the  differences  of  the  bloody  dependent  on  constitution. 

Denis  concludes  from  his  analyses  that,  generally  speaking,  the 
stronger  the  constitution  is,  the  greater  will  be  the  amount  of  solid 
constituents,  and  especially  of  blood-corpuscles.  If  age  is  also  taken 
into  consideration,  my  observations  confirm  those  of  Denis.     At 


Male. 

Female. 

1060O 

1057-5 

10380 

1027-4 

7790 

791-1 

2« 

9-2 

1-50 

1-63 

0O9 

008 

0-488 

0^04 

0O88 

0O90 

1-004 

1-046 

69-4 

705 

1411 

127-2 

6-8 

7-4 

»1 

3-9 

2-5 

29 

0331 

0354 

0-566 

0541 

i  Op.  cit  p.  290. 
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equal  ages,  the  blood  in  weak  constitutions  is  less  abundant  in  solid 
constituents  and  haemato-globulin  than  in  stronger  constitutions. 

On  the  differences  in  the  bloody  dependent  upon  temperament. 

According  to  Lecanu,^  temperament  has  an  influence  upon  the 
composition  of  the  blood.  He  infers  from  his  analyses  that  the  blood 
of  lymphatic  persons  is  poorer  in  solid  constituents,  and  especially  in 
blood-corpuscles,  than  that  of  persons  of  sanguineous  temperament, 
while  the  quantity  of  albumen  is  much  the  same  in  both.  The  fol* 
lowing  table  will  illustrate  these  views. 

1000  parts  of  blood  contained  on  an  average : 

Men  ofunfuineouf  Men  oflympluiUc 

tempermneau  teaiperameiit. 

Water        -        -        -        786-584  800-566 

Albumen     -        •        -         65-850  71-781 

Blood^xupoKles          .        136  497  n&667 

Woaen  ofnngQineoiif  Women  of  lympbttie 
temperament.  tempermment. 

Water        -       -       -       793K)07  8^710 

AlbomBQ     -       -        -         71-264  6&660 

BloodKXxpofldes  •       -       196-174  117*300 

On  the  differences  in  the  bloody  dependent  on  age. 

My  own  observations,  which,  however,  chiefly  refer  to  diseased 
blood,  lead  to  the  conclusion  that  the  blood  of  young  persons  con* 
tains  a  larger  proportion  of  solid  constituents,  and  especially  of  blood- 
corpuscles,  than  that  of  older  persons.  Lecanu  and  Denis  have,  how- 
ever, made  this  a  point  of  especial  inquiry,  and  have  extended  their 
analyses  over  a  wide  range  of  ages. 

I  have  drawn  up  the  following  table  from  the  numerous  analyses 
of  Denis,  the  blood  being  considered  healthy. 

1000  parts  of  healthy  blood  of  males  contained: 


AfO. 

Water. 

Solid  retklae. 

Fibrin. 

Blood-eorpoMlet. 

AllHimen. 

14  yean. 

750-4 

2490 

40 

16LM2 

580 

23 

7330 

2670 

2-3 

18S^9 

550 

^ 

732-0 

2680 

S-5 

181-4 

60O 

31 

7660 

2340 

2-1 

150-1 

62-2 

33 

7830 

2170 

20 

129-3 

60O 

40 

7500 

250O 

2-5 

167-8 

55-1 

46 

7690 

2310 

2^ 

156-9 

4&5 

50 

7480 

2520 

2-5 

170O 

550 

53 

7900 

21 OO 

2-6 

lOOO 

630 

54 

7980 

202O 

30 

1110 

630 

65 

800O 

200O 

3-1 

114-8 

60O 

70 

790O 

210-0 

2-7 

132-3 

560 

tJO 

7810 

2190 

2-5 

130-4 

610 

}0  parts 

of  healthy  blood  of  females  contained : 

4 

8330 

1670 

2-8 

80-5 

640 

6 

820-0 

180O 

2-5 

970 

590 

12 

7870 

2130 

2-3 

130O 

570 

15 

7740 

2260 

2-5 

185-7 

650 

i  Op.  dtp.  66. 
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Ag«. 

Water. 

Solid  MtidiM. 

Fibrin. 

144^ 

Altenu 

20  yean. 

7780 

2»0 

8>5 

570 

89 

7800 

2»H) 

2-5 

1334 

60O 

38 

7500 

250O 

30 

1734 

510 

38 

774-0 

SS&O 

2-7 

131-5 

68*4 

48 

7860 

814H) 

3-1 

laoo 

60O 

.53 

8800 

180O 

2-9 

8»] 

68-0 

74 

74&0 

2S&0 

»5 

17M 

550 

It  appears  from  these  tables,  especially  from  the  second,  that  the 
blood  IS  less  abundant  in  solid  constituents,  and  particularly  in  bloed- 
corpuscles  in  early  life,  than  at  the  period  of  maturity.  From  the 
latter  period  (or  rather  sooner)  to  middle  life  the  proportions  of  the 
corpuscles  and  of  the  solid  constituents  continues  large;  from  that 
time  to  an  advanced  age  they  are  subject  to  a  decrease.  [Becquerel 
and  Rodier  observe  that,  after  the  age  of  40  or  50,  there  is  a  decided 
and  progressive  increase  of  cholesterin  in  the  blood.] 

Denis  has  made  a  compara^tive  analysis  of  the  blood  of  the  mother 
and.  of  the  fostus;  he  found  that  the  latter  was  richer  in  solid  constitu- 
ents and  in  blood-corpuscles  than  the  former. 

The  two  following  analyses,  one  of  the  venous  blood  of  the  mother, 
the  other  of  the  placental  blood  as  it  issued  from  the  artery  of  the 
cord,  may  serve  as  an  additional  illustration  of  the  point. 

The  blood  of  the  umbilical  arterv  was  of  a  brown-red  colour,  smelled 
of  the  liquor  amnii,  and  became  oi  a  brighter  colour  on  being  exposed 
to  the  air. 

Venoof  Mood  of  Blood  of 

motner.  ombilical  «rter]r. 


Wtter 78IO  701-5 

Solid  residue 

FMn        -       -       - 


Albinnen    -        •        - 
Blood-ooqpittcies 
Peroxide  of  iron 
PhoephoriBed  hi 
Ozmazome  andcniorin 
Salts 


2190  298-5 

2-4  2-2 


50O  60O 

1390  28a'0 

(ys  80 

9^  7-5 

42  2-7 

12-5  12-1 


The  difference  in  the  solid  constituents  and  in  the  blood-corpuscles 
is  obviously  very  considerable ;  the  same  is  the  case  with  the  iron, 
the  ratio  being  1  to  2*5. 

The  mass  of  the  blood  in  the  foetus  increases  in  a  very  rapid  ratio 
with  the  development  The  proportion  of  corpuscles  is  more  aug- 
mented, and  the  quantity  of  water  is  less  than  occurs  at  any  subse- 
quent period  of  life.  Even  for  some  time  after  birth  the  mass  of  the 
blood  is  relatively  large,  and  the  proportion  of  blood-corpuscles  and 
of  iron  contained  in  them  is  coi^^iderably  above  the  ordinary  stan- 
dard. 

Denis  has  made  some  experiments  on  the  difference  between  the 
blood  of  very  young  animals  and  those  of  mature  age,  which  confirm 
the  observations  already  made.  His  experiments  were  instituted  on 
(logs. 
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Blood  of  adof, 

3  montiM  old. 

Water 

.        83(H) 

Solid  midne 

1700 

Fibrin  -       -        - 

94 

AlbuniMi 

5&6 

Blood-oofpuadet    - 

97-0 

Extiiotife  mattar  and  aalta       190 


Bloodof  apnppj, 

Idayofi: 

780O 

2200 

90 

460 

1650 

70 


When  the  skin  of  the  new-born  animal  loses  its  red  tint,  the  blood 
becomes  more  watery,  the  blood-corpuscles  and  the  quantity  of  iron 
are  diminished,  and  it  becomes  relatively,  but  not  absolutely,  poorer, 
for  its  quantity,  at  the  same  time  increases.  Subsequently,  however, 
when  the  generative  powers  begin  to  be  developed,  the  corpuscles 
and  the  iron  increase,  and  the  relative  proportion  of  water  dimi- 
nishes. At  the  period  of  full  development  the  excess  of  corpuscles 
and  iron  serve  in  maintaining  the  necessary  energy  of  that  part  of  the 
system,  and  till  the  generative  powers  begin  to  flag  the  blood  remains 
abundant  in  solid  constituents,  and  more  especially  in  corpuscles. 

These  observations  are  suggested  by  the  results  obtained  by  Denis,* 
as  will  be  clearly  seen  by  the  following  table,  which  was  drawn  up 
by  that  chemist  himself. 

The  mean  amount  of  solid  constituents  and  of  blood-corpuscles  at 
different  ages  are  given  in  the  following  proportions: 


Solid  contUtuenU. 

In  5  individuals  betweoi  5  montha  and  10  yxa.  170 

13              <«               10  yean  and    20  yn.  200 

11  «              20                   30  240 

12  *"  30  40  240 
6  «  40  50  240 
8  *<  50  60  220 
2              *<              60                   70  210 


Btood-corpoaclet. 
11 
14 
17 
17 
17 
15 
14 


The  following  table  shows  that  Lecanu's  analyses  confirm  those  of 
Denis  and  myself. 


Age. 

26 
30 

34 
38 
45 

48 
62 


Water. 
778-625 
788-323 
795-870 
783-890 
780-210 
805-263 
801-871 


Solid  reaidue. 
221-375 
211-677 
204-130 
216-110 
219-790 
194-737 
198-129 


Blood-corpuaclei. 
146-885 
131-688 
115-830 
148-450 
132-890 
117-484 
121-640 


Albumen. 
62-949 
71061 
78-190 
67-890 
79O70 
65-193 
65-389 


ON  DISEASED  BLOOD. 

The  pathological  chemistry  of  the  blood. 

The  question  whether  there  exists  such  a  thing  as  diseased  blood 
is  easily  answered.  The  material  deviations  from  its  normal  condi- 
tion exhibited  by  the  blood  in  its  physico-chemical  relations,  in  cer^ 
tain  morbid  conditions  of  the  system,  have  long  been  recognised  by 
pathologists. 

The  quantity  of  the  fibrin  is  sometimes  found  to  be  very  much  in- 
creased, while  id  other  cases  it  is  present  only  in  such  very  small 

1  Recberdies,  pp.  289, 290. 
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proportions  that  no  clot  is  formed.  The  blood  will  sometimes  be 
found  to  be  very  rich  in  solid  constituents,  and  especially  in  blood- 
corpuscles;  while  at  other  times  it  will  be  so  poor  as  to  resemble 
coloured  water.  In  some  instances  the  corpuscles  will  sink  rapidly 
in  whipped  blood;  while  in  others  they  will  only  deposit  themselves 
slowly  and  imperfectly,  so  that  merely  a  thin  layer  of  serum  remains 
above  them.  It  will  also  sometimes  contain  substances  which  are  not 
found  in  it  in  a  normal  state,  as  colouring  matter  of  the  bile,  sugar,  or 
urea.  All  these  are  deviations  from  the  normal  state  of  the  blood ; 
and  if  we  term  that  blood  healthy,  which  is  constituted  in  the  ordi- 
nary manner,  and  properly  discharges  its  various  functions,  we  are 
perfectly  justified  in  considering  blood  as  diseased  which  does  not  fulfil 
these  conditions. 

The  analyses  published  by  Andral  and  Gavarret,^  in  their  elaborate 
essay  upon  this  subject,  correspond  in  their  results,  generally  speaking, 
with  those  instituted  by  myself.  They,  however,  usually  assign  a 
higher  proportion  to  the  corpuscles  (especially  in  the  blood  during 
inflammatory  diseases)  than  I  have  found  to  occur.  It  is  hardly  pro- 
bable that  such  differences  should  arise  from  the  geographical  positions 
of  the  observers,  although,  generally  speaking,  the  blood  may  be  richer 
in  solid  constituents  and  in  corpuscles,  in  southern  than  in  northern 
regions:  it  is  more  likely  that  they  are  caused  by  the  different  methods 
of  analyses  pursued  by  the  French  observers  and  myself.  I  have 
tried  both  methods,  and  consider  it  useful,  if  not  necessary,  to  state 
the  results  of  my  trial. 

In  the  analyses  of  Andral  and  Gavarret,  the  blood  is  received  into 
two  six-ounce  vessels.  The  first  and  fourth  quarters  are  received  in 
one  vessel,  the  second  and  third  in  the  other.  In  one,  the  blood  is 
allowed  to  coagulate  spontaneously;  in  the  other,  it  is  whipped,  in 
order  to  obtain  the  fibrin,  which  must  be  carefully  washed.  When 
the  coagulation  is  efiected,  the  clot  must  be  carefully  removed  from 
the  serum,  and  we  must  dry  (a)  the  fibrin  which  has  been  obtained 
by  whipping  one  portion  of  the  blood;  (b)  the  serum;  and  (c)  the 
clot  By  weighing  the  dried  fibrin  we  know  the  quantity  of  that 
constituent  contained  in  the  clot  By  weighing  the  dried  serum  we 
know  the  proportions  of  water  and  of  solid  constituents  contained  in 
it  Lastly,  we  weigh  the  dried  clot:  the  quantity  of  water  which  it 
gives  ofi'  is  estimated  as  serum,  and  the  solid  residue  due  to  it  is  readi- 
ly calculated.  By  deducting  from  the  weight  of  the  dried  clot  the 
weights  of  the  fibrin  and  of  the  solid  residue  of  the  serum  contained 
in  the  clot,  we  obtain  the  amount  of  the  globules.  Hence  we  have 
(1)  the  weight  of  the  fibrin;  (2)  the  weight  of  the  globules;  (3)  the 
weight  of  the  solid  residue  of  the  serum;  and  (4)  the  weight  of  the 
water. 

This  method  is  simple,  and  easy  of  application,  in  cases  in  which 
it  is  unnecessary  to  ascertain  the  proportions  of  hsematin,  globulin, 

1  AnnaL  de  Chimie  et  de  Fbys.  vol.  75,  p.  225. 
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fat,  haemaphsiny  extractive  matters,  and  salts,  separately.  I  shall, 
however,  show  that  an  error  may  easily  arise  in  the  determination  of 
the  blood-corpuscles,  if  the  drying  has  not  been  perfectly  effected. 

In  order  to  ascertain  what  would  be  the  amount  of  differences,  I 
analyzed  the  same  blood  by  their  method,  and  by  my  own.  About 
eight  ounces  of  blood  were  received  in  a  glass,  from  the  arm  of  a 
woman,  aged  35  years.  It  was  rapidly  stirred;  about  a  fourth  part 
of  it  was  poured  into  a  small  glass,  and  the  fibrin  removed  in  the 
ordinary  manner,  by  whipping.  The  larger  portion  was  left  to 
coagulate. 

I.  Analysis  of  the  defibrinaied  blood. 

The  blood,  including  the  fibrin,  weighed  950  grams,  of  which  the 
fibrin,  when  washed  and  thoroughlv  dried,  weighed  1*9  gr.  Hence 
1000  parts  of  blood  contain  2-0  of  fibrin. 

112*42  grains  of  defibrinated  blood  left,  after  the  thorough  removal 
of  the  water,  a  solid  residue,  amounting  to  20*33  grs. 

Hence  1000  parts  of  blood  contained  180  of  solid  constituents; 
7*7  grains  of  the  dried  residue  were  boiled  in  spirit  of  *925,  to  which 
three  drops  of  dilute  sulphuric  acid  were  subsequently  added,  as  long 
as  the  spirit  continued  to  take  up  any  thing  more,  and  until  a  bright 
gray-creen  residue  was  left.  This  residue,  which'  is  composed  of 
the  albumen  of  the  blood,  when  dried,  weighed  3*31  grains. 

The  red  alcoholic  solution  was  saturated  with  ammonia,  and  eva- 
porated to  a  small  residue.  The  hsemato-globulin,  which  separated 
perfectly  in  this  way,  was  then  washed  several  times  with  water, 
dried,  and  weighed.  Its  weight  amounted  to  4  grains.  The  ex- 
tractive matters  and  salts  (including  loss)  may  therefore  be  estimated 
at  -S9  of  a  grain. 

Now  since  1000  parts  of  the  defibrinated  blood  contain  180  of 
solid  residue,  the  blood  must  contain: 

Water 818O0 

Sdidniidue lOMX) 

Fibrin 2O0 

Albuioen    ------  77*40 

HBmato^obulin          ....  Q3^ 

Extractive  matten^  aaltfl^  and  loss  -       -  9-00 

lOOOOO 

IL  ^Analysis  of  coagulated  blood,  according  to  the  method  qf 

^ndral  and  Oavarret, 

a.  The  serum  weighed  1406  grains. 

b.  The  clot  weighed  1228  grains. 

In  order  to  ensure  a  greater  degree  of  accuracy  in  my  results,  I 
evaporated  only  a  portion  of  this  quantity. 

375-14  grains  of  the  clot,  when  dried,  cautiously  pulverized,  and 
again  heated,  left  112*54  grains.     Hence  100  parts  of  the  dot  con- 
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tained  30-0  of  solid  constituents.  449*98  grains  of  serum  left  42*66 
of  solid  residue,  which  corresponds  therefore  with  9*5^. 

1000  parts  of  blood  consist  of  533-8  of  serum  and  466*2  of  clot,  of 
which  the  serum  gives  a  residue  of  50*7,  and  the  clot  of  139-86  parts. 
The  solid  residue  of  1000  parts  amounts  therefore  to  190*56. 

From  the  residue  of  the  clot  we  deduct  2-0  for  fibrin,  and  31-0  for 
the  solid  residue  of  the  serum  contained  in  it,  which  must  be  added 
to  the  50*7.     Consequently  1000  parts  of  blood  contain, 

Water 809*44 

Solid  reodne 190-56 


Fibrin 2-00 

Solid  xeridue  of  aerom  -       ...         79-70 
filood<oqpiHc]ee  .....        10&»6 

1000*00    . 

The  differences  between  these  analyses  are  obvious.  The  solid 
constituents  obtained  by  Andral  and  Gavarret's  method  are  8*5 
higher,  in  1000  parts  of  blood,  than  by  mine;  moreover,  the  quantity 
of  corpuscles  obtained  by  them  considerably  exceeds  the  haemato- 
globulin  separated  by  my  method.  If  we  assume  that  the  8-5  parts 
of  water  which  Andral  and  Gavarret's  method  did  not  succeed  in  re- 
moving, were  retained  in  the  clot,  the  corpuscles  would  be  reduced 
from  108*86  to  98-3:  in  which  case  the  discrepancy  between  the  two 
analyses  would  be  much  less  striking. 

1000  parts  of  blood  would  then  contain: 


Aeeording  to  Simon, 

Fibrin          -       -       -       -        -  2H)0 
ASmmen,  with  extractive  matteis, 

andaahs 86^0 

Hemato-globiilin  ....  93^ 


According  to  Andral  and  Gavarret. 

Fibrin 200 

Solid  reaidne  of  aerum     .        -        -    30*50 
Blood-oorputcfea      ....    99*50 


It  must,  however,  be  remarked,  that  the  sum  of  the  haematin  and 
globulin,  in  my  analyses,  can  never  represent  the  absolute  quantity 
of  blood-corpuscles.  As  has  been  previously  remarked,  the  nuclei 
and  capsules  of  the  blood-corpuscles  have  been  estimated  as  albumen 
by  my  method,  as  fibrin  by  Berzelius,  and  as  appertaining  to  the  cor- 
puscles by  Andral  and  Gavarret 

Their  absolute  weight  has  never  been  accurately  ascertained,*  but 
it  cannot  be  larger,  since  the  quantities  of  fibrin  obtained  by  washing 
the  clot,  and  by  whipping  fresh  blood  differ  very  little.  Further,  a 
portion  of  fat  separated  by  my  method,  belongs  to  the  blood-corpus- 
cles, and  we  cannot  deny  the  possibility  of  the  corpuscles  containing 
albumen. 

My  analyses,  moreover,  aim  not  merely  at  the  determination  of  the 
proportion  of  the  fibrin,  of  the  corpuscles,  and  of  the  solid  residue  of 
the  serum,  but  they  are  intended  to  embrace  the  determination  of 
the  most  important  proximate  constituents  of  the  blood;  and  if  the 

«  Naan  (Daa  Blat  in  ibehrfiKher  Beziehung,  dec.,  Bonn,  1836,  p.  109)  haa  attempted  to 
fonn  a  qnantitatiTe  analyaia  of  the  nocteL 
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haemato-globuliDy  or  possibly  the  globulin  be  regarded  as  coDStituting 
the  principal  mass  of  the  corpuscTes,  I  can  succeed  in  tracing  their 
increase  or  decrease  by  means  of  the  proportion  of  the  haemato-glo- 
bulin  or  slobulin. 

The  following  objections  may  likewise  be  brought  against  Andral 
and  Gavarret's  method. 

In  cases  where  no  consistent  clot  is  formed,  but  where  there  is 
merely  a  slight  gelatinous  coagulation,  as  frequently  occurs  in  blood 
deficient  in  fibrin,  the  serum  and  the  clot  cannot  be  separated  with 
any  degree  of  exactness.  If  the  clot  be  allowed  to  stand  for  some 
hours  in  order  to  induce  a  more  perfect  separation  of  the  serum,  the 
water  partially  evaporates,  and  the  ratio  ot  the  solid  constituents  of 
the  clot  to  the  water  becomes  changed,  and  conseauently  too  high  a 
number  is  assigned  to  the  corpuscles.  The  difficulty  of  thoroughly 
removing  the  water  varies  in  a  direct  proportion  with  the  quantity 
of  the  blood  submitted  to  evaporation.  Serum,  comparatively  poor 
in  solid  constituents,  gives  only  a  slight  residue,  from  which  the 
water  can  be  more  readily  expelled,  than  from  the  more  abundant 
residue  left  by  the  clot:  in  proportion  to  the  water  remaining  in  the 
clot,  the  quantity  of  corpuscles  found  bv  this  method  will  be  in* 
creased,  as  will  be  clearly  seen  by  the  following  illustration. 

1000  parts  of  blood  are  composed  of  500  parts  of  serum  and  500 
of  clot 

The  serum  leaves  a  solid  residue  of  50^  or  10^;  the  clot  of  150, 
or  30^' 

The  350  parts  of  water  in  the  clot  are  to  be  estimated  as  serum, 
and  thus  give  a  residue  of  35  parts;  so  that  1000  parts  of  blood,  (the 
fibrin  not  being  taken  into  consideration)  consist  of: 


Water 

.       800 

Solid  rendoe 

900 

Blood-oorpuidet   - 

.       115 

85 

If,  however,  the  clot  had  not  been  perfectly  dried,  and  if  only  1 
per  cent  of  water  in  relation  to  the  weight  of  the  whole  blood  had 
been  retained,  we  should  have  obtained  the  following  result: 

500  parts  of  clot  would  then  give  160  of  solid  residue,  and  there 
would  therefore  be  340  of  water,  which,  estimated  as  serum,  would 
yield  34  of  residue;  consequently  the  corpuscles  would  be  estimated 
at  126,  and  1000  parts  of  blood  would  consist  of: 


Water 

.       790 

Solid  leddue 

.       210 

Blood<x>rpfUKle8   - 

-       196 

Reiidue  of  aeniin 

84 

In  all  other  methods  of  analyzing  the  blood  in  which  the  water  is 
determined  by  a  separate  process,  and  the  dried  residue  is  used  for 
further  investigation,  an  error  in  its  estimation  will  simply  increase 
the  absolute  quantity  of  the  solid  constituents,  without  disturbing 
their  relative  proportions.     But  in  the  application  of  their  method  it 
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is  easy  to  Bee  that  each  per-centage  of  retained  water  not  only  in- 
creases the  absolute  quantity  of  the  solid  constituents  in  the  amount 
of  1^  but  also  the  weisht  of  the  corpuscles^  not  only  by  the  addition 
of  the  retained  water,  but  also  by  the  weight  of  the  residue  of  the 
serum,  due  to  an  equal  quantity  of  water,  and  which  amounts  to  1*1^. 

Moreover,  the  supposition  of  Andral  and  Gavarret,  that  the  humi- 
dity of  the  clot  should  be  considered  as  serum  is  totally  devoid  of 
foundation.  The  corpuscles  cannot  be  supposed  to  swim  in  the  plas- 
ma as  dry  molecules,  and  it  has  not  been  proved  that<the  fluid,  with 
which  they  are  filled,  is  the  fluid  of  the  serum. 

These  observations  are  suflScient  to  show  that  Andral  and  Gavar- 
ret*8  method,  and  my  own,  give  somewhat  diflerent  results:  the  dif- 
ferences, however,  are  not  very  material,  and  are  easily  explicable  on 
thegrounds  already  stated. 

T^e  changes  which  the  composition  of  the  blood  may  experience 
in  its  various  pathological  conditions,  are  either  dependent  upon  the 
quantity  of  solid  residue  generally,  or  upon  the  changed  relative  pro- 
portions that  the  various  proximate  constituents  bear  to  each  other. 

If  we  assume  the  composition  of  healthy  blood,  (as  deduced  from 
the  mean  of  my  analyses)  to  be  represented  by 


Water 
SottdiwidiM 
Fibrin 
TtX    • 

AHxiiiMn 
Olobafin 


Eztnctbe  mttten  and  aalte 


795*878 

9M0S9 

»104 

»346 

7&000 

103KM 

&209 

13018 


the  following  differences  will  be  found  to  occur  among  the  K>ecimens 
of  diseased  blood  which  I  have  analyzed.    The  quantity  of~ 


Water 
Sofid 
fUrin 
Fat      - 

Attiuinen 

Olobnlm 

Hematin 

Henoatofjobiilm 

Extractive  matten  and  aalta 


may  ^nrj  from  888*0    to    750*0 


250-0 
9*1 
4-3 

131*0 

106*6 
8-7 

115*4 
16*5 


1190 

atraoe 

0*7 

55*1 

1*4 

314 

7*6 


The  analyses  of  the  French  chemists  gave  the  following  results, 
with  regard  to  this  subject 

Taking  the  mean  of  Lecanu's  analyses  of  healthy  blood  as  a  stan- 
dard, and  contrasting  with  it  the  extreme  resuhs  which  were  found 
by  Andral  and  Gavarret  in  diseased  blood,  we  have  the  following 
results: 

Water  .....  790 
Solid  reodne  ....  210 
FBsin         •       •       •       •       .  3 

Oisanic  nsdna  of  asnui      •  72 

Inofigpanic  dkto     •       •       «       .  8 

127 
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Water 

Solid 


Jhidraltmd  GavMrr§ts 
•       -       •         Boni 


91&0    to    72M 
S7IH)  8&0 

Solid  reodne  of  «nim  •<  114-0  57-0 

Blood-coptwdei         -  «  18&0  21-0 

From  these  data,  it  appears,  that  although  the  proportions  of  all 
the  constituents  are  subject  in  disease  to  a  certain  amount  of  change, 
the  variation  is  the  most  striking  with  regard  to  the  fibrin  and  glo- 
bulin. 

The  former  is  found  in  my  analyses  occasionally  to  exceed  four 
times  the  average  quantity,  and  in  Andral  and  Gavarret's,  three  and 
a  half  times;  while  the  latter  may  diminish,  according  to  my  analy- 
ses, to  a  mere  trace;  and  according  to  Andral  and  Oavarret's,  to  one 
sixth  of  the  normal  quantity. 

These  determinations  must  not,  however, be  regarded  as  absolute: 
they  are  dependent  on  various  causes,  and  can  be  explained  in  more 
ways  than  one. 

For  instance,  the  21  parts  of  blood-corpuscles  were  observed  by 
Andral  and  Gavarret  in  the  blood  which  left  a  residue  of  only  SSy 
while  the  185  of  corpuscles  occurred  in  blood  which  gave  a  residue 
of  275.  Hence  the  per-centages  of  the  corpuscles  in  these  two  cases 
in  regard  to  the  scdid  residue,  are  25^  and  67J  respectively. 

The  deviations  in  the  proportions  of  the  various  constituents  do 
not  occur  singly,  for  instance,  we  do  not  find  the  other  constituents 
in  normal  proportions,  and  the  blood-corpuscles  alone  very  low; 
neither  are  they  all  found  simultaneously  deficient  or  in  excess:  but 
there  exists,  as  we  shall  soon  see,  a  certain  antagonism  between  the 
proportions  of  the  individual  constituents.  Thus  we  find  that  when 
the  fibrin  is  much  increased,  the  corpuscles  are  diminished  in  quan- 
tity, and  vice  versiL 

In  every  100  parts  of  the  residue  of  healthy  blood,  we  have  1  of 
fibrin  and  53  of  haemato-globulin.  In  diseased  blood  I  have  ob- 
served the  following  proportions: 


Fibrin. 
1*4 
1-6 
1-7 
20 
SO 
2*1 
80 
60 


Bamato-flobttlin. 
43 
40 
40 
42 
39 
36 
28 
22 


A  similar  relationship  is  exhibited  in  the  analyses  of  Andral  and 
Gavarret;  the  range  of  the  corpuscles  is,  however,  not  so  extensive. 

Fibrin. 
2« 


HealtfiT  blood 
Dinued  blood 


u 


3^ 
41 
44 

4'6 
60 


Blood  eorpucles. 
61 
00 
57 
67 
64 
68 
60 
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The  connexion  between  the  fibrin  and  blood-corpuscles  is  still 
more  strikingly  exhibited  in  some  of  the  analyses  of  Andral  and 
Gavarret,  in  which  blood  was  taken  several  successive  times  from 
the  same  patient     We  select  four  cases  by  way  of  illustration: 


Mdioi 

B.  Kbrin. 

Blood, 
corpnaclei. 

Fibrin. 

Blood, 
corpoadef. 

Fibrin. 

Blood- 
corpaKlei. 

Fibrin. 

Blood- 
corpiMd«t 

lit 

M 

130 

6-1 

1S3 

40 

Ill 

&6 

133 

2d 

7-7. 

106 

7-2 

120 

5-5 

107 

&5 

131 

3d 

&2 

113 

7-8 

112 

6-5 

101 

0-1 

128 

4di 

9-3 

103 

10^ 

101 

9K) 

83 

9-4 

102 

In  the  following  table  drawn  up  from  Andral  and  Gavarret's  ana- 
lyses, the  first  column  gives  the  proportions  of  fibrin  and  of  corpus- 
cles in  100  parts  of  solid  residue.  ^The  second  column  does  the  same, 
only  that  in  this  case  the  quantity  of  fibrin  is  considered  constant, 
and  is  represented  by  1*5,  and  the  proportion  of  corpuscles  is  estimated 
accordingly:  an  arrangement  which  makes  their  increase  more  ob- 
vious. 


Fibrin. 

CorpofClM. 

Fibrin. 

Corputdea. 

Healthy  blood      - 

1-5 

61 

1-5 

61 

DiRMsdblood     -       . 

1-5 

64 

1-5 

64 

«                                     m 

1-5 

65 

1-5 

65 

M                                    • 

1-3 

60 

1-5 

69 

"                                     .                 « 

M 

53 

1-6 

72 

U 

12 

59 

1-5 

74 

U                                   ,                 , 

11 

60 

1-5 

81 

M                            ^ 

1-0 

60 

1-6 

90 

-    a                      ,          , 

0^ 

60 

1-5 

90 

**                                   m 

1-0 

61 

1-5 

91 

« 

1-0 

64 

1-5 

96 

u                         • 

0-9 

63 

1-5 

105 

«* 

0-5 

60 

1*5 

180 

[Becquerel  and  Rodier  have  laid  it  down  as  a  general  law  that 
*^  bleeding  exerts  a  remarkable  influence  on  the  composition  of  the 
blood,  the  greater  the  oftener  the  bleeding  is  repeated."  The  three 
following  tables  show  the  mean  results  of  the  first,  second,  and  third 
venesections,  performed  on  a  certain  number  of  Cruveilhier's  patient?,. 
Ten  patients  were  bled  twice,  and  ten  thrice,  so  that  we  have  20  first, 
20  second,  and  10  third  bleedings. 


Mean  eompotUion  of  the  blood  of 

Demity  of  defibrinated  blood 
Dcnnty  of  flerom 
Water      -       .       -        - 
8oUd  readoe      ... 
Fibrin       .... 
Albumen  .... 
Blood-corpuades 
Extncthre  matters  and  aalta 
Pit  .       -       -       -       - 

Couielmg  oi~-8enrfm 

Pho^ihori»d  iat 
Chobatoiip 
Saponified  iat 

18 


weniy  persons  bled  iwiee. 


■t 


VeneMctlon. 

9A  Venesection 

1055K) 

1051-2 

1026-1 

1025-3 

796^ 

8120 

203« 

188K) 

37 

3-8 

6&2 

62« 

125-4 

11»0 

6-8 

7-6 

1-657 

1-560 

0O27 

0H)47 

0-490 

0-465 

0-173 

0-150 

0-962 

0-900 
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The  salts  in  1000  parts  of  blood  were : 

Chlaride  of  •odium      .       .       .       «  ft8  3*4 

Otber  lolufafe  Mite      ....  87  ft^ 

Phonhatn 0-436  0*417 

haa  - 0-627  0-488 

JIImii  eompo$Ui0n  tftk$  hhod  of  tern  perfoiu  hUd  thru  timu, 

Itft  V«Mienetion.      Sd  Venesection.        Si  Veaeeeeiioa. 


Dennty  of  defibrinatod  blood 

Dttuihr  of  terwD 

Water      -       . 

Solid  readne     - 

r  Bjnn 

ADmiMn  • 

BUwd^orpUfldet 

Extnctine  nwttem  and  ealte 

Fat  .... 

CnniMliiig  of— Seroiin    - 

Phaifilionaed  i 
rtmiiatrrin 
iat 


105&0  1053O  104M 

1098^  1096-3  1089« 

7930  807-7  83S>i 

907-0  ]99'3  176-9 

35  3^  8*4 

660  637  64-6 

199-9  116*3  W2 

•7-7  6-9  80  . 

1-669  1-584  1-530 

OKXK  0088  0O19 

0-637  0-489  0-450 

0-106  0-156  0-149 

0-893  0-851  0^19 

The  salts  contained  in  1000  parts  of  blood  were: 

Chloride  of  aodinm    *       .       .  98  3«  30 

Other  aohibte  aalte     .       .       .  »6  9-5  97 

Phoaphatea        ....  0^04  0*493  0-348 

Iron 0513  0*471  0-468 

From  these  tables  they  draw  the  following  conclusions.  <^In  pro- 
portion to  the  number  of  venesectiont  the  blood  becomes  impove- 
rished and  more  watery;  hence  the  fall  in  the  density  of  the  defibri- 
nated  blood.  The  albumen  diminishes^  but  only  slightly;  hence  the 
density  of  the  serum  is  not  much  a£fected.  The  fibrin  is  quite  un- 
influenced by  venesection,  a:nd  its  amount  is  determined  by  the  na- 
ture and  intensi^  of  the  disease.  The  extractive  matters  and  salts 
are  unaltered.  There  is  a  slight  diminution  in  the  amount  of  fat 
The  various  salts  are  unafiected,  and  the  iron,  in  consequence  of  its 
relationship  to  the  corpuscles,  is  diminished.  In  short,  the  eflfect  of 
venesection  is  to  cause  a  great  diminution  of  the  corpuscles,  while  it 
only  slightly  lessens  the  amount  of  albumen."] 

THE  FIRST  FORM  OF  DISEASED  BLOOD,  HTPERINOSIS.^ 

Chemical  characters  cfthe  blood. 

The  blood  contains  more  fibrin  than  in  the  normal  state,  and  the 
corpuscles  decrease  in  proportion  to  the  excess  of  fibrin;  the  fat  is 
also  increased.  In  propoilion  to  the  increase  of  the  fibrin  and  fat, 
and  the  decrease  of  the  corpuscles,  the  whole  solid  residue  will  be 
diminished.* 

>  Derived  fixm  vnt^  and  i,  nog,  the  fibre  of  fleah. 

*  Nana  (Das  blat  in  mehHacher  Besiehung,  dec,)  haa  armed  at  smilar  cotrhiaiona;  for 
he  obaenres  that  the  oorpuadea  and  the  fibrin  are  generally  in  an  mvene  ratio,  and  that  blood 
exhibitmg  a  decided  gsnuine  bu%  coat  is  uauaUy  of  km  ifieci^  ffvnty,  that  ia  to  aqr»  the 
amount  of  water  is  increased.  * 
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Physical  characlers  of  the  blood. 

The  blood  coagulates  more  slowly  than  in  the  normal  state;  the 
clot  is  usually  not  small,  but  very  firm  and  consistent,  and  does  not 
break  up  for  a  ^considerable  time.  It  is  almost  invariably  covei^ed 
with  a  true  bu£fy  coat,,  (which  is  produced  by  the  sinking  of  the  cor- 
puscles before  the  occurrence  of  coagulation,  and  by  the  subsequent 
coagulation  of  the  fibrin  in  the  layer  of  serum.)*  This  bufify  coat  is 
firm,  tough,  and  intimately  connected  with  the  clot;  its  edge  is  often 
turned  upwards,  and  its  surface  uneven.*  If  the  clot  is  small,  the 
bufiy  coat  and  the  surface  of  the  clot  are  more  or  less  cupped ;  the 
serum  is  of  a  pure  lemon  colour,  not  tinged  red.  When  subjected 
to  whipping,  the  fibrin  separates  in  thicker  and  more  solid  masses 
than  in  ordinary  blood.  After  the  removal  of  the  fibrin  the  corpus- 
cles quickly  sink,  and  frequently  occupy  only  one  fourth  of  the 
whole  fluid,  while,  in  healthy  blood,  they  sink  very  imperfectly  or 
not  at  all.  The  blood  has  always  an  alkaline  reaction,  and  is  of  a 
higker  temperature  than  in  the  ordinary  state. 

Lauer'  found  the  temperature  of  the  blood  in  pneumonia  as  high 
as  100^,  and  in  bronchitis  it  reached  I0I°*6.  These  temperatures 
are,  however,  not  higher  than  are  met  with  in  healthy  blooa. 

According  to  Becquerel  the  temperature  may  rise  to  5^*4  in  in- 
flammatory disease  and  fevers. 

According  to  Coupil  it  amounts,  in  inflammatory  disorders,  to 
106^ — lll°-7,  and  at  the  inflamed  region  to  112°-4. 

The  microscope  has  not  yet  succeeded  in  detecting  any  constant 
peculiarities. 

The  blood  occurs  in  a  state  of  hyperinosis  in  all  inflammatory  dis- 
orders (Phloeoses.) 

In  proportion  to  the  firmness  of  the  clot,  the  concavity  of  its  sur- 
face, (the  cupping,}  and  the  toughness,  and  thickness  of  the  bufiy 
coat,  is  the  degree  of  inflammation;  and,  conversely,  the  thinner  and 
more  friable  the  clot  is,  the  less  intense  is  the  disorder.  We  also 
find,  accompanying  these  physical  symptoms,  an  excess  of  fibrin,  and 
a  diminution  of  haemato-globulin,  as  well  as  of  the  solid  constituents 
of  the  blood  generally,  and  in  proportion  to  the  degree  in  which 
these  phenomena  are  observed,  we  may  infer  a  greater  or  lesser 
amount  of  inflammatory  action. 

[Before  proceeding  to  the  consideration  of  individual  diseases,  we 
may  observe  that  Becquerel  and  Rodier  have  deduced  the  following 
law  from  their  numerous  analyses  of  morbid  blood.     '<The  develop- 

>  [The  ba%  coat  does  not  consist  of  true  fibrin,  bat  of  the  binoxide  and  tritoxide  of  protein. 
(See  page  19.)] 

s  The  \xS<f  coat  is  not  exdosively  connected  with  an  inflammatory  state  of  the  blood ;  it 
ncnirs  in  o<lier  diKases,  as,  for  instance,  in  chlorosis,  but  its  properties  are  then  ^ry  difiisrent 
A  very  elaborate  disquisition  on  the  formation,  and  the  proximate  and  remote  causes  of  the 
\nS^  coat,  oomrs  m  NasBB*s  w<xk,  pp.  36—57,  and  204—240. 

s  Quaedam  de  sanguinis  difieient  m  Morh.  pu  15. 
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ment  of  an  inflammatory  disorder  produces  remarkable  modifications 
in  the  composition  of  the  bloody  of  which  the  most  striking  is  the  in- 
crease of  fibrin."* 

The  following  table,  extracted  from  their  memoir,  gives  the  mean 
results  obtained  from  the  analyses  of  blood  in  a  number  of  cases  of 
well  marked  inflammation. 

Deniitjr  of  defibrinftled  blood   -       -       -  1056-3  1054^ 

Deomtyoimnnn           ....  lO^O  102&6 

Water 7915  801-0 

Solid  oonsdtoente 20&5  1990 

Fibrin 58  &7 

AJbumm 660  65-8 

BloodHxirpuflcIes 1280  118« 

Extnctive  matten  and  aidts     ...  7-0  7*2 

Fat 1*742  1-669 

Cooabting  of-Serolin         -        -        -  0K)20  OK)04 

Pboqpboriied  &t  -        -  0-602  O601 

Choleaterin  -        -        -  0-136  0-130 

Saponified  fiu               -  0^64  0^14 

The  salts  in  1000  parts  of  blood  were:  • 

Chloride  of  aodium 3-1  30 

Other  aolubletahi SM  9-7 

PhoaphateB 0-448  0*344 

iron 0-490  0^80 

By  a  comparison  of  these  results  with  the  formulae  for  healthy 
bloody  (vide  supra,  p.  193,)  we  see  that  only  three  constituents,  fibrin, 
cholesterin,  and  albumen,  deviate  from  the  normal  standard.  The 
first  two  of  these  constituents  are  increased,  the  last  is  diminished.] 

I.  PHLOGOSES  OF  THE  CIRCULATING  SYSTEM. 

a.  Metrophlebitis  puerperalis. 

In  most  of  the  cases  of  metrophlebitis  puerperalis  that  have  oc- 
curred in  our  lying-in  institution  as  well  as  in  the  hospital,  the  blood 
exhibited  all  the  symptoms  of  hyperinosis.  Accordmg  to  Ebert's 
observations  the  clot  was  rather  large,  and  so  consistent  that  sections 
of  it  still  displayed  a  powerful  and  well-marked  tenacity.  The  sur- 
face, which  was  more  or  less  concave,  was  either  covered  with  a 
thin  true  bu£fy  coat,  or  more  frequently,  with  a  rather  thick,  and 
often  discoloured  stratum  of  gelatinous  substance,  forming,  what  is 
termed,  a  false  bufiy  coat  Gelatinous  coagula,  of  a  similar  nature, 
were  also  frequently  seen  floating  in  the  serum. 

The  microscope  often  detects  pus  in  the  blood,  during  the  course 
of  this  disease.  If,  however,  the  quantity  of  pus  is  only  small,  its 
detection  may*  be  attended  with  much  diflBculty.*  As  the  presence 
of  pus  in  the  blood  has  also  been  recognised  in  other  pathological 

1  The  authors  merely  regard  this  as  a  confirmatioD  of  the  law  cgtablirfied  by  Andral  and 
Gavarret,  not  as  an  oriffinal  diacoveiy. 

'  According  to  Gendrin,  when  tliere  is  pus  in  the  Uood,  the  serum  deposits  a  ymaA  uri- 
naiy-like  sediment,  or  else  is  turbid  and  doudy. 
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conditions,  and  many  observations  have  recently  been  made  upon  the 
subject,  I  shall  refer  to  this  point  more  particularly  when  I  speak  of 
the  presence  of  foreign  substances  in  the  blood. 

I  have  analyzed  the  blood  of  two  women  suffering  from  metro- 
phlebitis puerperalis.     The  analyses  gave: 


Water 

8aiid 

FibiiQ 

Fat  - 

Albumen 

Glotralin 

Hsmatn 


AnalyaiB  15. 

83&360 

163-640 

7-640 

31d0 

103-358 

40000 

2K)80 


Extractive  matten  and  aalts    JHyid 

100  parts  of  hemato-^obulin  oon-  I 

tamed  &0  of  odouring  matter.      | 


AnaWda  16. 
785-560 
214*440 
4-440 

112-770 
74*130 
3440 
12-390 
1 00  parts  of  hsmato-^obulin  con- 
tamed  4-6  of  ooloming  matter. 


The  blood  in  analysis  15  was  taken  from  a  woman  aged  20  vears, 
who  was  attacked  in  our  lying-in  institution  with  violent  phlebitis 
Qterina  the  day  after  her  delivery.  The  pulse  was  full  and  hard,  and 
140  in  the  minute,  previous  to  the  bleeding.  The  post-mortem  ex- 
amination revealed  a  high  degree  of  inflammation  of  the  veins  and  of 
the  uterus  itself,  with  a  copious  deposition  of  pus. 

In  analysis  16,  the  blood  was  taken  from  a  woman  aged  20,  who 
was  seized  fourteen  days  previously  to  the  bleeding  with  a  violent 
attack  of  phlebitis  uterina,  from  which,  however,  she  recovered  by 
the  use  of  venesection  and  mercury.  Violent  fever  afterwards  came 
on,  accompanied  bv  pain  in  the  region  of  the  uterus.  The  pulse  was 
somewhat  full  and  hard,  and  132  in  the  minute.  She  died  soon 
after,  and  the  post-mortem  examination  proved  the  accuracy  of  the 
diagnosis. 

[In  a  case  of  phlegmasia  alba  dolens,  accompanied  with  fever,  oc- 
curring in  a  woman  aged  21  years,  six  weeks  after  delivery,  Bec- 
querel  and  Rodier  found  a  considerable  diminution  of  the  blood-cor- 

Ikuscles  (92*6,)  and  an  augmentation  of  the  fibrin  (4*2.)     The  cho- 
esterin  was  in  excess,  ('223,)  and  the  phosphates  were  abundant] 

jS.  Carditis. 

Lecanu^  analyzed  the  blood  of  three  men  and  five  women,  who 
were  suffering  from  angiocarditis  and  endocarditis.  Unfortunately 
he  has  made  no  observations  on  the  physical  characters  of  the  blood, 
and  the  quantity  of  fibrin  was  also  not  ascertained.  The  analysis 
seems  to  have  consisted  simply  in  the  separation  of  the  clot  from 
the  serum,  and  then  ascertaining  the  solid  residue  of  each. 

The  blood  of  men  gave  the  following  results: 


1 
2 
3 


Water. 
821*02 
880-48 
807-27 


Solid  reiidue.       Residue  of  serum.    Blood-corpuicles. 

101-39 


178-98 
119-52 
192-73 


77-59 
77-62 
96-35 


41-90 
96-3d 


1  £tudea  Chimiqciei,  etc,  p.  110. 
18* 
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The  blood  of 

women 

gave: 

Water. 

Solid  reaidae. 

RMidoeofMrum. 

40^ 

4 

873^5 

126-55 

86-10 

5 

868€2 

131-38 

79-89 

51-49 

6 

86(r€l 

133-39 

89^ 

43*70 

7 

877-51 

VJ249 

77-00 

45-49 

8 

845-14 

154-66 

85-80 

6906 

Healdiy  blood 

79CM)0 

21000 

8000 

130O0 

It  is  much  to  be  regretted  that  the  fibrin  was  not  ^dete^mined  in 
these  researches,  as  the  proportions  of  the  solid  residue,  and  especially 
of  the  corpuscles,  indicate  a  high  degree  of  hyperinosis. 

Blood  taken  by  repeated  venesections  from  the  same  patient 
during  carditis,  differs  in  the  following  respect  from  blood  similarly 
taken  in  cases  of  bronchitis,  pneumonia,  peritonitis,  rheumatism,  &c.; 
in  these  latter  it  becomes  gradually  poorer  in  solid  constituents,  and 
especially  in  corpuscles,  while  in  the  former,  at  least  if  we  may  judge 
from  two  analyses  of  Lecanu,  the  reverse  takes  place. 

The  man  whose  blood  formed  the  object  of  tne  second  analysis, 
on  venesection  being  repeated  12  hours  afterwards,  yielded  blood 
which  left  a  solid  residue  of  139*1,  and  the  woman  from  whom  the 
blood  in  the  eighth  analysis  was  derived  yielded,  on  a  repetition  of 
the  venesection,  blood  which  contained: 

Water        ....  84162 

Solid  rotidne       -        -        -  158  38 

Residue  of  iferum         -        -  81-79 

Blood<»ipi]ide8  -       -       -  76-58 

Lecanu  noticed  in  the  blood  of  one  of  these  men  a  solid  floating 
mass,  (which,  when  dried,  weighed  about  100  grains.)  It  had  a 
fleshy  appearance,  and  on  a  section  being  made  it  exhibited  a  solid, 
loosely  attached  nucleus,  of  a  brick-red  colour,  in  the  centre,  which 
slowly  dissolved  in  water.  On  the  second  occasion  of  this  patient 
being  bled,  the  clot  presented  even  a  more  singular  appearance.  It 
was  almost  entirely  formed  of  agglomerated  clusters  of  small,  round, 
white,  grape-like  masses,  which  were  composed  centrally  of  a  bright 
red  gelatinous  substance. 

[In  a  case  of  pericarditis  with  effusion,  occurring  in  a  woman  aged 
40  years,  in  which  the  blood  was  analyzed  by  Becquerel  and  Rodier, 
the  following  results  were  obtained : 

1st  Vene«eetion.       9d  Venrsection.     3d  Veneseclion. 

Density  of  defibrinatedblood         -        1045-8  1042-4  10455 

1023O  10218  1024-3 

8310  847  0 

1690  1530 

2  3  2  3  94 

IU94  1094 

530  510  60-4 

105O  920  780 

In  the  first  analysis  the  phosphates  were  in  excess  (0'684;)  in 
other  respects  the  salts  occurred  in  their  normal  proportions. 

At  the  period  of  the  third  venesection,  the  heart-symptoms  were 


Density  of  serum 

Water         -        - 

ddid  constituents 

Fibrin 

Fat     -        -        - 

Albums] 

Blood-corpusdes  - 
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much  alleviated.  The  most  remarkable  feature  in  this  blood  is  the 
extreme  diminution  of  the  albumen.  There  was  no  albumen  in  the 
urine.] 

II.  INFLAMMATION  OF  THE  RESPIBATORT  ORGANS. 

a.  Bronchitis. 

The  blood  usually  exhibits,  at  least  when  the  symptoms  are  at  all 
urgent,  decided  indications  of  hyperinosis.  The  bufiy  coat  is  scarcely 
ever  absent,  the  serum  is  clear,  and  the  clot  firm  and  consistent 
The  fibrin  and  fat  are  always  more  or  less  increased,  and  the  h&emato- 
globulin  diminished. 

'  Analysia  17. 

Water  ....  797-500 
Solid  rendue  -  -  -  202-500 
Fibrin  ....  4-320 

Fat 3-650 

ADramen 96-890 

Globulin  ....  76-530 
Hematin     ....  3-200 

Extractive  mattere  and  salts    -  11-560 

100  parts  of  haemato-piobulin  con-  I  100  parts  of  hsmato-globulln  con- 
tained 4-0  of  colouring  matter.     |      tamed  8*4  of  colouring  matter. 

In  analysis  17  we  observe,  in  a  decided  degree,  the  character  of 
inflammatory  blood,  as  far  as  regards  the  large  quantities  of  fibrin 
and  fat  The  quantity  of  haemato-globulin,  79*73,  is  not  so  much 
diminished  in  proportion  to  the  albumen  in  this  case,  as  in  those  of 
phlebitis  uterina. 

The  patient  was  a  robust  man,  of  about  thirty  years  of  age,  who 
had  only  been  sufiering  from  the  disease  three  days;  pulse  hard  and 
very  frequent.  The  blood  of  analysis  18  was  taken  from  a  child 
three  years  of  age,  by  leeches,  which  is  the  reason  why  the  fibrin 
was  not  determined. 

Andral  and  Gavarret^  have  analyzed  the  blood  in  six  cases  of 
bronchitis,  and  in  all  the  instances  in  which  fever  was  present,  they 
found  that  well-marked  character  of  inflamed  blood,  an  increased 
quantity  of  fibrin.  The  maximum  was  9*3,  the  minimum  5*7,  in 
1000  parts  of  blood. 

I  shall  now  give  the  results  of  their  analyses. 


Analysis  18. 
757-831 
242269 

3-393 

109H)80 

106-650 

8-762 

14-500 


Venetection. 

Water. 

Solid  residue. 

Fibrin. 

Blood  corpuscles. '  6oUd  portion  of  serum. 

UCasef^^ 

763-3 

236-7 

7-3 

148-8 

80-6 

793-6 

206-4 

9-3 

110-2 

86-9 

crgamic, 
78-0 

inorganic. 
8-5 

2dCase    1 

789^ 

210-4 

6-3 

117-6 

3dCase|^ 

769-5 

230-5 

5-9 

139-6 

76-7 

83 

7ri2-2 

217-8 

5-9 

129-4 

76-3 

62 

4thCaae    1 

821-8 

178-2 

5-8 

114-3 

581 

5thCasej^ 

800^ 

199-8 

60 

1313 

625 

808-1 

191-9 

71 

1255 

593 

6tb  Case    1 

808-3 

1917 

5-7 

98-2 

878 

Heahfay  blood,) 

) 

aocofdmgtoS 

►    7900 

2100 

3-0 

127-0 

80.0 

Lecanu  -    j 

\ 

»- 

\nna].  de  Chim.  et  de  Fhys.  Vol.  75,  p.  2%. 
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The  decreasing  ratio  of  the  corpascles,  and  the  increasing  ratio  of 
fibrin  is  less  striking  in  this  disease  than  in  pneumonia  and  rheuma- 
tism. Andral  and  Gavarret  give  the  following  explanation  of  the 
first  case,  in  which  the  high  number  148-8  is  assigned  to  the  blood- 
corpuscles.  This  individual  exhibited  symptoms  of  typhoid  fever 
at  the  period  ^t  which  he  was  received  into  the  hospital.  In  the 
second  analyses  the  number  is  less  by  38*6  than  before.  The  symp- 
toms' of  typhoid  fever  had  now  disappeared,  and  made  way  for  those 
of  bronchitis:  the  increase  of  fibrin  from  7*3  to  9*3  sufficiently  in- 
dicates the  progress  of  inflammation. 

In  the  fourth  case  the  small  quantity  of  solid  constituents  in  the 
serum  was  coincident  with  a  highly  albuminous  state  of  ^e  urine; 
the  patient,  who  was  about  30  years  of  age,  had  for  some  time  been 
in  a  weak  and  emaciated  state.  The  urine  in  the  fifth  case,  (a  debi- 
litated person  28  years  of  age,  whose  lower  extremities  were  cedema- 
tous,)  also  contained  albumen. 

Andral  and  Gavarret  have  likewise  analyzed  the  blood  in  chronic 
bronchitis.  They  state  that,  as  the  febrile  symptoms  disappear,  and 
the  disease  aasumes  the  chronic  form,  the  blood  ceases  to  exhibit  a 
large  excess  of  fibrin,  and  in  fact  does  not  differ  in  any  respect  from 
ordinary  or,  healthy  blood. 

The  same  is  the  case  if  the  chronic  bronchitis  is  combined  with 
pulmonary  emphvsema. 

The  average  of  five  analyses  made  on  the  blood  of  four  persons 
suffering  in  this  way,  scarcely  cliffers  from  ordinary  blood. 

Water.     Solid  residue.      Fibrin. 

Mean  of  five  analyses  -    7927  2073  3-0 

Healthy  blood  (Lecana)   790  0  210  0  3  0 

In  one  of  these  cases  a  second  venesection  was  ordered,  in  conse- 
quence of  the  severity  of  the  dyspnoea.  The  blood  exhibited  a 
diminution  of  1 1  in  the  corpuscles,  of  '6  in  the  fibrin^  and  of  22  in 
the  solid  constituents. 

[Scherer  has  published  an  analysis  of  the  blood  of  a  woman  in 
the  seventh  month  of  pregnancy,  who  was  suffering  from  bronchitis, 
and  probably  from  tubercular  phthisis.  The  serum  had  a  specific 
gravity  of  1022*69,  and  contained  in  1000  parts: 

Water  ....        911 -516 

Solid  residue         -        -        -         88-464 

The  solid  residue  consisted  of: 

Attnunen      ....         77-978 
Extractive  matten         -        >  0-977 

Salts 9529 

The  whole  blood  contained,  in  1000  parts: 

Water         ....  825-696 

Solid  residiie         -        -        -  174*302 

Fibrin          ....  4-568 

Albamen     ....  70-696 


Blood-eof- 

8oUd  portion 

pttKleii. 

ofMram. 

1210 

830 

1270 

800 
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Blood-ooipiMcles      -       -       •  71-069 

Extmctive  matten   -       -       -  90-178(1) 
Soluble  iBlta    ....         6-399 
Earthy  pboiphaties  ...         I*d25 

The  serum  presented  a  singular  milky  appearance,  arising  from  the 
presence  of  numerous  minute  granules  in  suspension.  No  fat-vesi- 
cles could  be  recognised  by  the  microscope. 

Becquerel  and  Kodier  have  analyzed  the  blood  in  eight  cases  of 
acute  bronchitis,  four  males  and  four  females.  The  mean  results  are 
expressed  in  the  following  table : 

MaIm.  Females. 

Dmity  of  defibrinated  blood        -       -  105G-7  I056« 

OaMi^ofaemm       ....  10271  1027-7 

Wahar 793-7  803-4 

Solid  oonathueota       ....  206-3  196-6 

Fibrin 4-8  3-5 

Fat 1-681  1-715 

Mbomen 64-9  68-8 

BVxAoaipagdm         ....  129^  115-3 

Extiadrre  matten  and  flaka  5^8  7-3 

The  salts  consisted  of: 

CUorideofaodiiiin      ....  3-2  3-3 

Other  aoluble  aOta      ....  2^  2-8 

Fhoapiiatfs 0346  0-309 

Inn 0-513  0-479 

/3.  Pneumonia. 

The  blood  usually  exhibits  the  characters  of  hyperinosis,  more 
decidedly  in  pneumonia  than  in  most  other  inflammatory  diseases, 
it  also  retains  its  heat  for  a  longer  period.^  The  clot  is  rather  below 
the  ordinary  size,  very  consistent,  and  does  not  break  down  for  a 
considerable  time.  It  admits  of  being  sliced,  and  the  sections  retain 
their  consistency  for  some  time.  Its  surface  is  covered  with  the 
bufiy  coat,  and  is  more  or  less  cupped.  The  serum  is  of  a  pure  yel- 
low colour.  The  quantity  of  solid  constituents  is  usually  less  than 
in  healthy  blood. 

The  maximum  of  fibrin  in  my  analyses  was  9*15,  which  is  the 
largest  quantity  that  I  have  ever  discovered  in  inflamed  blood.  The 
minimum  was  3*4,  and  the  mean  of  four  analyses  was  60.  Andral 
and  Gavarret  found  the  maximum  of  fibrin  to  be  10*5:  the  minimum 
4;  and  the  mean  to  fluctuate  between  7  and  8.  They  never  met 
with  more  than  10*5  of  fibrin  in  the  whole  course  of  their  analyses. 

The  maximum  of  haemato-globulin,  occuring  in  my  researches, 
was  78,  and  the  minimum  36,  which  is  very  far  below  the  amount 
in  healthy  blood.  Andral  and  Gavarret  differ  from  me  considerably 
on  this  point,  (see  my  remarks  on  our  comparative  methods  of  ana- 
lysis, page  200.)  They  make  the  maximum  of  the  blood-corpuscles 
137,  and  the  minimum  83'7.  We  find,  however,  in  the  course  of  58 
analyses,  made  by  them  on  the  blood  of  21  persons  labouring  under 

1  Laoer  found  that  blood,  which,  as  it  fkmed  from  the  vein,  had  a  temperature  of  97o*7» 
raised  the  thefimmelei  to  83^.6  thvteen  minutea  aAer  its  removal  from  the  oody  . 


214  CIRCULATDI6  FLUIDS. 

pneumonia,  that  the  amount  of  corpuscles  just  reached  the  normal 
proportion  in  5  cases,  in  6  cases  exceeded  it,  and  in  the  47  remain- 
ing cases  fell  below  it  The  average  of  these  cases  was  US,  which 
is  14  below  the  normal  quantity  in  healthy  blood,  according  to  Le- 
canu's  analysis. 

The  maximum  of  fat,  in  my  analysis,  was  4*3,  and  the  minimum 
(in  a  man  aged  60  years)  was  *7. 

The  maximum  of  solid  residue  was  202;  the  minimum  was  160. 
In  51  out  of  the  58  analyses,  made  by  Andral  and  Gavarret,  the  solid 
constituents  exceeded  the  ordinary  normal  proportion. 

In  all  these  cases  the  quantity  of  the  blood-corpuscles  was  very 
high:  the  fibrin,  in  two  cases,  reached  9*1 ;  and  in  one  case  9*0:  in  the 
others  it  was  low,  or  amounted  to  only  the  mean  of  the  fibrin  in 
pneumonia. 

The  two  highest  amounts  of  solid  residue  found  by  Andral  and 
Gavarret  was  230,  and  227;  in  these  cases  the  maxima  of  corpuscles 
also  occurred.  The  smallest  amount  of  solid  residue  was  1 66,  which 
corresponded  with  the  minimum  of  blood-corpuscles.  The  mean 
quantity  of  solid  residue,  as  deduced  from  these  58  analyses,  was  201, 
or  9  less  than  Lecanu's  average  for  healthy  blood. 

I  have  made  four  analyses  of  the  blood  in  pneumonia: 


Aiia]yns19. 

AnalyoB  20. 

ADalyni21. 

Aiial7ai22. 

Water    - 

839  848 

798*500 

803179 

803400 

Solid  residue 

160152 

201*500 

196-821 

i9&eoo 

Fibrin    - 

9152 

G<120 

&632 

9-44S 

Fat        - 

2265 

4100 

4-336 

0€97 

Albamen 

100415 

10O'280 

121-721 

108*100 

Qlobolin 

34  730 

74-860 

«W)7l 

74-948 

Hmiatin 

i-8oe 

»120 

2-752 

iritiD 

Extractive  matten  and  alta 

6003 

10-500 

10-309 

11-268 

K)  parts  of  he 

mate 

hdobolm  con- >  4  9 

4-0 

&2 

34 

tamed    -       -       .       .        ^  iicsAaimDgvoaXteit, 

The  blood  in  analysis  19  was  taken  from  a  woman  aged  40,  who 
died  a  few  days  after  the  venesection.  Dissections  exhibited  exuda- 
tion, and  tubercles  in  the  lungs. 

The  blood  in  analysis  20  was  taken  from  a  vigorous  man  aged  30, 
who  recovered;  and  in  analysis  21,  from  a  vigorous  man  aged  40, 
who  also  recovered. 

The  blood  in  analysis  22  was  taken  from  a  man  60  years  of  ase, 
who  suffered  from  cough,  thoracic  oppression,  &c,  and  whose  pulse 
was  hard  and  full.     I  am  ignorant  ot  the  result  in  this  case. 

The  following  are  the  maxima,  minima,  and  average  results,  ob- 
tained by  Andral  and  Gavarret: 

Solid  leildae 

of  Mrva. 

0&2 

66*7 

61-0 

The  following  table  indicates  the  differences  that  are  found  in 
pneumonic  blood  during  repeated  bleedings.    It  is  drawn  up  by  An- 


Water. 

Solid  reiddae. 

Fibrin. 

CorpiMclei. 

Maximum  - 
Minimam  - 
Average 

634-4 
770*5 
799-0 

229-5 
165-6 
201-0 

10-5 
4*0 
7-3 

137-6 

63*2 

114-1 
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dral  and  Gavarret,^  and  corresponds  generally  with  the  table  already 
given  for  the  blood  taken  in  a  similar  manner  during  bronchitis.  It 
is,  however,  entirely  at  variance  with  Lecanu's  statement  regarding 
the  blood  in  carditis.     (See  page  209.) 


lit  Can 


ad 


Dtf  of 

Solid  naidaa 

lion. 

diteaae. 

Water. 

Solid,  raaidoe. 

Fibrin. 

Corpuailaf. 

ofaeinm. 

1 

2 

8180 

1820 

4-0 

111-3 

66-7 

2 

3 

818-5 

181-6 

&5 

107-7 

68-3 

3 

'      5 

820-9 

179-1 

6-5 

lOM 

71-5 

4 

7 

834-4 

165-6 

9H) 

834 

73-4 

I 

3 

773K) 

227-0 

5-2 

137-8 

84-0 

2 

4 

7823 

217-7 

7-3 

125-5 

84-9 

3 

5 

7»5-0 

205O 

6-9 

117-4 

80-7 

4 

6 

800-4 

19^ 

80 

111-5 

80O 

1 

4 

781-5 

218-5 

5-5 

129-8 

83r2 

2 

5 

788-3 

211-7 

M 

116-3 

880 

3 

9 

823-9 

176-1 

6-4 

95-7 

740 

3d 

This  table  is  sufficient  to  show  that  the  blood  taken  from  the  same 
individual  in  different  consecutive  bleedings  varies  considerably. 
The  blood  taken  at  the  later  bleedings  contains  less  solid  constituents, 
less  blood-corpuscles,  more  fibrin,  and  more  solid  residue  of  serum* 
then  the  blood  which  is  taken  earlier. 

This  statement  is,.however,  only  true  within  certain  limits;  if  the 
bleedings  are  carried  beyond  a  certain  extent,  the  fibrin,  as  well  as 
the  corpuscles,  are  diminished ;  the  whole  quantity  of  solid  residue 
becomes  less,  whilst  the  residue  of  the  serum  increases.  In  the  third 
case  this  proportion  is  seen  on  comparing  the  blood  taken  on  the 
.third,  with  that  taken  oo  the  second  bleeding;  but  it  is  much  more 
strikingly  shown  in  the  analyses  made  by  Andral  and  Gavarret,  of 
the  blood  in  acute  rheumatism,  as  will  be  seen  by  the  following  nu- 
merical data.^ 

Day  of  ffolid  residue 

Bleeding.  Disease.  Water.  Solid  residue.    Fibrin.       Blood<cor»usclea.     of  serum. 

1             8  778€  221-2           6-1  123-1  920 

3             9  780O  219-1           7-2  130-7  91-2 

3  10  7880  2120           7-8  1128  91-4 

4  13  7990  20IO  10-2  lOlO  89-8 

5  17  813-9  186-1           90  89-2  87-9 

6  28  826-2  173-8           70  83*3  830 

My  own  observations  regarding  the  blood  taken  by  repeated  ve- 
nesections during  peritonitis,  give  perfectly  similar  results..  I  shall 
endeavour  to  give  an  explanation  of  the  origin  of  these  changes  at 
the  end  of  the  section  on  hyperinosis. 

Dr.  J.  Davy^  has  instituted  numerous  researches  on  the  blood  found 
in  the  body  after  death :  in  a  case  of  pnuemonia,  he  found  a  large 
quantity  of  fluid  blood,  clot,  and  fibrous  coagula  in  the  heart  The 
fluid  portion  did  not  coagulate  after  exposure  to  the  air  for  24  hours. 
In  another  instance,  the  fluid  portion,  when  exposed  to  the  air,  coagu- 
lated rapidly  and  formed  a  buffy  coat 

1  Anmies  de  Chmiie  et  de  Phyakpie,  voL  75,  p.  254. 

a  rThii  condiiBion  ia  not  rerf  obnouail  *  Op.cit.  p.  246. 

«  Edinik  Med.  and  Surg.  Journal,  1839. 
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[Dr.  RindskopH  has  published  several  analyses  of  the  blood  in 
pneumonia. 

1.  A  young  man,  with  a  very  severe  attack  of  pneumonia:  deli- 
rium, and  all  the  signs  of  arachnitis.  After  death  a  considerable  ef- 
fusion of  pus  was  found  on  the  membranes  of  the  brain.  Two  ve- 
nesections were  instituted  during  the  last  thirty-six  hours.  The  first 
gave  fibrin  5*470.  The  second  analysis  was  more  perfect,  and 
yielded : 

Water 8S&566 

Solid  ccmtitoenti        ....  171-484 

Fihrm 6^4 

ADnimen  and  blood-carpiudei       -        -  150-103 

Soluble  nits 8-302 

InMluhle  nlti '  M07 

ExtzBcChre  matten        ....  &d48 

2.  A  man,  aged  60  years,  who  had  sufiered  for  a  considerable  pe- 
riod from  chronic  bronchitis  and  emphysema,  was  attacked  with 
broncho-pneumonia.  The  blood  was  taken  shortly  before  his  death, 
and  contained,  in  1000  parts: 


Water 

Solid 

f^rin        .... 

Albmnen  and  blood<«uuwlea 

8alti-       -       •       -       - 

£xtivctrwe  matterB 


81»5e6 
187-434 

12>726 
160-300 

10'930 
3^78 


3.  In  the  blood  of  a  young  man,  aged  19  years,  suffering  from 
pneumonia,  Rindskopf  found: 


Water 

Solid  coDstitiientB 

Fibrin 

Albumen 

Blood-cocpufldei  • 

Salts  -        -        - 

Extractive  matters 


1st  VsnsMctioB. 

775448 

224-552 

6-702 

79K)21 

V£Ki97 

9-201 

7-531 


9d  VsBsseeikm. 

783^44 

216066 

7725 

65-744   . 

120O88 

10416 

11-661 


4.  In  a  case  of  pneumonia  after  catarrh,  four  analyses  were  made, 
the  blood  taken  at  the  first  venesection  apparently  not  having  been 
examined.  In  addition  to  the  bleedings,  tartarized  antimony  and  ca- 
lomel were  administered:  recovery. 


Water   .... 
Solid  coDfltitnents    - 
Fibrin    .... 
Albomen  and  blood-oovpuBcies 
Soluble  sahs  - 
Insoluble  salte 
Extractive  matters  - 


9ri  Venes. 

796494 

203-506 

5-919 

173O05 

10188 

1-340 


ad  Venes. 

4th  Venei. 

5th  Venes. 

793-362 

807-699 

809-650 

20G-638 

192-301 

190-350 

7-715 

10-384 

8-155 

169-883 

165-960 

160^22 

7952 

> 

11-531 

1404 

>  15  957 

.     4151 

19684 

s 

5991 

11454 

5.  In  a  case  of  pneumonia  of  four  weeks'  standing,  accompanied 
with  catarrh  and  delirium  tremens,  in  which  tartar  emetic  was  ad- 
ministered, and  recovery  took  place,  the  following  results  were  ob- 
tained: 


>  Ueber  einige  Zuetande  dee  Bhite& 
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SM  VeneMCtion. 

3d  Vtneteetio 

Water       .       -       .       793-237 

797-915 

Solid  oouAiliieiits               806-763 

909K)86 

FBMrm       -       -       -           7*893 

9H)67 

164-451 

Salto         -       -       -         10-978 

8-291 

Bmiitite  mtten '              29^5 

20^250 

9-478 


oaosotiients 
Fibnii 

Blood-ooipciKles 
Rtadne  of  nmin 


Heller'  has  analyzed  the  blood  of  a  powerful  young  man,  aged  21 
years,  suffering  from  pneumonia,  the  left  lung  being  perfectly  he- 
patized. 

The  colour  of  the  blood  was  rather  dark.  As  it  flowed  from  the 
vein,  its  reaction  was  perfectly  neutral.  The  serum,  after  the  sepa- 
ration of  the  clot,  had  an  alkaline  reaction,  a  specific  gravity  of  1025. 
and  was  of  a  darker  yellow  colour  than  usual,  although  the  addition 
of  nitric  acid  disproved  the  presence  of  biliphaein.  The  blood  was 
composed  of  600  parts  of  clot  and  400  of  serum.  It  contained,  in 
1000  parts: 

Watw 773-266 

226-744 

4*320 

145-574 

76-660 

Becquerel  and  Rodier  have  analyzed  the  blood  of  five  women  suf- 
fering from  pneumonia,  two  of  whom  were  bled  only  once,  while  in 
three  venesection  was  repeated. 

The  mean  composition  of  the  blood  is  expressed  in  the  following 
Uble: 

Ut  V«MM6tion.  9d  Venesection. 

Dmitjr  of  defifarinatod  blood                -       -  105M  1050-2 

DmitftifwBnun 10254)  1025H) 

Water 801*0  808-0 

Solid  conititiiente 190K)  1920 

nrin 7-4  6-3 

Fat 1-687  1-61& 

AnNHDen 6M  597 

BUMxknrpuKles 122-5  113^ 

Extractive  matten  and  nlte         -       -       -  6-4  7-4 

The  following  salts  were  contained  in  1000  parts  of  blood  : 

Chkride  of  aodimn 2«  3-1 

Other  loiiible  «]to 2-7  2^ 

Phosphatea 0-308  0-445 

Inn 0-493  0-512 

Zimmerman*  has  found  the  specific  gravity  of  the  blood  in  this 
disease  as  high  as  1065. 

The  following  ultimate  analyses  of  dried  pneumonic  blood  ha5 
been  recentiy  published  :^ 

*  AiduT.  for  pfayaologiidie  and  patfaologiecfae  Chemie  and  Mibrnkopie.    Wien,  1844. 
vaLl,pu3L 

*  HuMndTa  Joumal,  1843. 

9  Hoffinaoo,  Amulen  der  Chemie  und  Phamnde,  April,  1844.    Aocording  to  Macaiie  and 
Maicet  (Meoi.  de  la  Sodel6  Phys.  et  d'Ukt  Nat  de.  Ghniev.,  vol  5,  p.  223)  healthy  ymow 
Uood  oonteiniC 5&7, H  6-4,  N  162,  and  O  21  7. 
19 
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Alb. 

c. 

B. 

Blood  bofied,  lit  Vamnctkn 

.        4-366 

57*428 

M15 

9d       ditto 

•       4-061 

CMHKO 

_ 

**         lit      ditto 

.     a«80 

51-966 

M43 

M         Sbq       ^^^*^n^ 

»784 

51*149 

7«S 

Two  analyses  of  the  blood  in  cases  of  pneumonia  biliosa  have  re- 
cently appeared,  one  by  Scherer,  the  other  by  Heller. 

The  individual  whose  blood  was  analyzed  by  Scherer  was  a  robust 
young  man,  aged  29  years. 

The  clot  was  tolerably  firm  and  tough,  and  covered  with  a  green- 
ish yellow  bufiy  coat  The  serum  exhibited  a  similar  tint,  and  ni- 
tric acid  indicated  the  existence  of  biliphaein  in  the  urine.  The 
conjunctiva  was  coloured  yellow,  and  there  was  considerable  gastric 
disturbance^ 

The  blood  drawn  at  the  first  venesection  yielded: 


Wtter 

Solid 

Fibrin   -       - 

Blood-ooipi»cfe> 

AHwimm 

Sahi 

Eitiadifo  luatlon 


779K)0 

821-00 

970 

iM-eo 

7M6 
9-57 
4-63 


Blood  was  again  taken,  in  consequence  of  further  symptoms  of  con- 
gestion.    It  yielded: 


Wtter 

Solid 

Fibrin 


Albumen 
Salti     .       . 
Extraothfo  mttcn 


78&00 

21500 

9-40 

12^26 

d'Sl 
9«7 


Three  days  after  this  venesection  the  patient  was  again  bled.    The 
blood  contained: 


Wilw  . 

Solid  oomtituents 
Fibrin   -       - 

Albnmen 
Saki     .       - 
Eztncofo  nuttBiB 


780HX) 
220O0 

1»72 
11&47 

69-83 
7«e3 

11-35 


The  blood  obtained  by  a  fourth  venesection  contained: 


Water  -       .  - 

Solid  oomdtoenti  - 

Fibrai  •       •  - 

Blood-coqnudes  - 


79G<K) 
804-00 

&e7 

106-26 


In  Heller's  case  the  blood  was  taken  from  a  robust  man,  aged  31 
years.  The  dot  was  firm,  and  sliehtl^  buffed;  the  serum  waa  of  a 
deep  yellowish-red  colour,  very  afkahne,  of  specific  gravity  1083, 
and,  on  the  addition  of  nitric  acid,  a  blue  coaguhim  was  formed,  in- 
dicative of  the  presence  of  biliphasin. 

The  blood  consisted  of  521  parts  of  clot  and  479  of  oerom.  It 
contained,  in  1000  parts: 
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Water 78l'«69 

BgUdiMdiie 218-351 

nrin 6-lW 

Blood^iOfpafldefl 147*114 

Rendne  of  ienim  (with  bilqihnm)       -  6^194 

Heller  observes  that  he  has  often  been  able  to  detect  biliphaein  in 
the  blood  of  pneumonic  patients  when  there  have  been  no  other  in- 
dications of  a  disordered  state  of  the  hepatic  functions. 

In  pneumonia  venosa  the  bufiy  coat  is  absent     (Schdnlein.) 

y.  Pkuriiis. 

Never  having  analyzed  pleuritic  bloody  I  shall  merely  give  the  re- 
wits  obtained  by  Andral  and  Gavarret 

That  the  blood  in  this  disease  may  exhibit  considerable  differences^ 
will  be  seen  by  the  following  cases. 

1st  staee.  Pleuritis  in  its  early  stage,  before  any  effusion  has  oc- 
curred, in  two  cases  of  this  nature,  Andral  and  Gavarret  found  the 
quantity  of  fibrin  increased  to  5-8  and  5-^. 

2d  stase.  Pleuritis  not  yet  advanced,  but  efiusion. 

Andnd  and  Gavarret  found  that  the  quantity  of  fibrin  varied  from 
4  to  6  in  eight  cases  of  this  nature. 

3d  stage.  Pleuritic  effusion  of  some  duration;  no  fever.  In  four 
cases  of  this  nature,  in  which  effusion  had  occurred  during  well- 
marked  pleuritis,  from  two  to  four  months  previously,  the  quantity 
of  fibrin  was  increased,  less  certainly  than  in  the  preceding  cases,  but 
still  in  one  instance  rising  as  high  as  4*8,  and  averaging  about  4. 

Hence  it  follows  that  the  fibrin  is  increased  in  the  blood  in  pleu- 
ritis, especially  in  the  acute  form,  accompanied  with  fever;  the  in- 
crease, however,  is  not  so  decided  as  in  pneumonia,  bronchitis,  and 
(as  we  shall  presently  see)  in  acute  rheumatism. 

Nasse^  states  that  the  huffy  coat  is  particularly  characteristic,  and 
seldom  absent  in  pleuritic  blood.' 

Andral  and  Gavarret's  analyses  gave  the  following  results. 

Solid  residua  of  Mriim. 
9»2 
114-8 
8M 
89^ 
88-9 
8&0 
84*9 
78-1 
90-7 
73-1 
834$ 
9&0 
86-5 
78-1 
73^1 
8(H) 

«  DMfalat,elb,pi.61. 

s  The  bu^  eoit  was  absent  9  timet  m  35  cmm  in  which  blood  was  extracted  during  pfeuri- 
vm,  3  timee  in  11  caaes  of  pneumonia,  and  twice  in  5  caaee  of  bronchitia. 


VeBMoeUon. 

Water.  Solid  reeidae. 

Fibrin. 

Blood-corpaKles. 

latCMe 

774-2 

•225-8 

50 

127-7 

ad 

M 

789-4 

210-6 

5-4 

90-4 

3d 

U 

845-6 

154-4 

50 

68-3 

4th 

M 

7820 

2180 

5-2 

1220 

5th 

M 

815-0 

1850 

50 

91-5 

6lh 

tt 

[1 

802-6 

197-4 

50 

107*4 

807^ 

1924 

50 

102-5 

7th 

U 

^ 

8331 

1660 

4-1 

84-7 

8th 

u 

763-3 

236-7 

4-9 

141-1 

9th 

M 

861-3 

198-7 

4-8 

1206 

JOtfi 

«( 

SI 

783-5 
780-3 

216-5 
219-7 

30 

5-8 

128-8 
1180 

lift 

m 

^      _ 

8I&9 

183-1 

3-8 

92-8 

im 

M 

\l 

783K) 

2I70 

96 

135-4 

798-5 

201-5 

4-2 

124-2 

Heahl 

byblo^ 

790-0 

210O 

30 

1270 
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Lauer^  states  that  he  has  found  the  serum  turbid  in  pleuritis. 

Caventou'  analyzed  the  blood  in  a  case  of  chronic  pleuritis,  accom- 
panied with  vertigo.  It  was  turbid,  of  a  dirty-red  colour,  and  co- 
vered with  a  soft  light-coloured  buffy  coat  The  clot  was  moderately 
large,  and  floated  in  a  yellowish-white,  milky  serum,  which  was  per- 
fectly neutral,  devoid  of  smell  or  taste,  coagulable  by  heat,  but  not 
by  acids  or  alcohol,  and  scarcely  at  all  by  corrosive  sublimate. 

[Becquerel  and  Rodier  have  analyzed  the  blood  of  five  men  at- 
tacked with  uncomplicated  and  acute  pleuritis.  The  mean  compo- 
sition of  the  blood  is  given  in  the  following  table. 


Ueniity  of  defibrinated  blood 
Dennty  of  aenim 
Wtter 

Solid  coDfldtuents 
Fibrin         -       -       - 
Fat     -        -        -        . 
Attiuiiiai     •        .        - 
Blood-coipoKlM  - 
Ejrtitolife  flMtten  and  Mite 


t066^ 

10S6O 

7966 

9014 

61 

t9U5 

6M 

7-6 


The  salts  consisted  of: 


Chkridaofaodioni         ...  drU 

Other  aohibie  arite  -       ...  M 

Phoi|ihalea (H78 

IroQ  ...  (h46I 

The  blood-corpuscles  and  the  albumen  are  considerably  diminished, 
while  the  fibrin  is  increased.] 

III.    INFLAMMATION  OF  THE  CHTLOPOISTIC  VISCBRA. 

a.  Angina  tonsillaris  {amygdalitis.) 

Andral  and  Gavarret  analyzed  the  blood  of  four  persons  suffering 
from  angina  vera,  and  they  always  found,  in  a  greater  or  less  degree, 
the  distinctive  characters  of  hyperinosis.  They  obtained  the  follow- 
ing results. 


Day  of 

Solid  faaida« 

VeneaecttOD.   Dbeate. 

Water. 

Solid  retidue. 

Fibrin. 

Blood-eorpaKlM. 

of  aervBu. 

litCaaeji        ^ 

78»6 

217-4 

6-1 

Ill-O 

1003 

Timj 

S20&4 

7-2 

10&3 

93-9 

2dCaae    1        G 

TTT-Q 

222-1 

5-4 

126H) 

90-7 

3dCaaej^       3 

819^ 

180-5 

4-4 

9(H) 

8&1 

83(H2 

1C9-8 

6-4 

79« 

83-9 

4tfaCaae    1 

779^ 

2204 

3-8 

120-3 

96-3 

Healthy  Mood 

79(H) 

2I0O 

30 

127H) 

8(H) 

With  the  exception  of  the  4th  case,  which  was  one  of  chronic  an- 
gina, and  in  which  the  blood  presents  no  striking  deviations  from  the 
healthy  standard,  and  of  the  2d  case,  in  which  the  blood  is  extremely 
rich  in  solid  constituents,  the  remainder  exhibit  a  decided  decrease 

*  Qnsdam  de  Sanguine  dift^  etc 

>  AnnaL  da  Chim.  et  de  Phy^,  voL  39,  pb  288. 
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Id  the  quantity  of  the  corpuscles,^  and  a  less  marked  increase  o 
fricdoD. 

p.  Hepatitis  and  lienitis. 

Accurate  quantitative  analyses  of  the  blood  in  these  inflammatory 
diseases  are  still  wanted.  It  has  been  frequently  observed  that  the 
proportion  of  fat  is  considerably  increased  in  the  blood  during  hepa- 
titia,  and  Trail  has  found  the  serum  milky  on  several  occasions; 
Naase*  has  occasionally  seen  it  so  highly  coloured  with  biliphsein  as 
immediately  to  tinee  paper  on  being  dipped  in  it;  and  Lauer'  has 
observed  that  a  yellow-coloured  sediment  is  deposited  by  the  serum 
upon  the  bufiy  coat,  during  this  disease. 

In  the  milky  serum  to  which  ^^e  have  adverted,  Trail*  found  21 
1^  of  solid  constituents,  which  were  composed  of  fatty  oil  4*5,  albu- 
men 15*7,  soluble  matter  -9.  The  water  amounted  to  78*9^.  The 
specific  gravity  of  the  serum  was  1*087;  it  was  of  a  creamy  consis- 
tence, and  became  thinner  when  exposed  to  a  gentle  warmth;  when 
left  to  itself,  even  for  weeks,  it  did  not  deposit  any  sediment. 

In  another  instance  the  specific  gravity  was  1*025,  and  the  solid 
constituents  amounted  to  15*2^,  of  which  a  considerable  portion  was 
oiL 

The  serum  has  been  observed  by  Cullen,  Testa,  and  Heusinger  to 
be  turbid  in  lienitis  (Nasse.) 

y.  Peritonitis. 

The  blood  in  peritonitis,  and  especially  in  the  form  denominated 
puerperal  fever,  exhibits  in  a  tolerably  well  marked  degree  the  cha- 
racters of  hyperinosis.  I  made  two  analyses  of  the  blood  of  a  patient 
sofiering  from  peritonitis  puerperalis,  and  found  that  the  fibrin 
amounted  to  twice  as  much  as  in  healthy  blood.  Andral  and  Gavar- 
ret  obtained  similar  results. 

My  analyses  yielded: 


Water 

AnaIyBiB23. 
784-941 

Analyflb24 
787-064 

Solid  radoe 

. 

.                    . 

215-069 

312'936 

Fibrin 

m 

. 

4-459 

4-366 

Fat      -        - 

. 

• 

4-035 

3-350 

Albumen 

m 

. 

107-406 

109-714 

Globulin      - 

• 

. 

84-G23 

83-532 

Hemaiin     - 

. 

_ 

3-591 

3-733 

Extractive  matten  and  salts    - 

10-350 

9-440 

The  hcmato-globulin  contained  I  The  hsmato-g^obulin  contained 
i-Of  of  colouring  matter.      |        4-2}  of  ooloaring  matter. 

1  In  tfie  Idood  obtained  by  the  second  Teneaection  in  Case  3,  they  M  even  below  the  solid 
residue  of  tbeoeram.  Andral  and  Gavanet,  howeirer,  attribute  the  low  amount  of  ccMpusefes 
in  tiiis  instanoe  to  the  dicumatance  of  the  patient  having  been  lor  some  time  under  t&e  pei- 
•ODOus  influence  of  lead. 

•  Das  Blut,  etc.,  p.  78. 

*  QosBdm  da  fitagunk  difleient.  in  Mortal,  p.  34. 
4  Edinb.  Med.  and  9mg.  Journal,  toL  17. 
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The  blood  in  these  analyses  was  taken  from  a  woman  aged  33 
years,  who,  according  to  Dr.  Ebert's  report4  exhibited  the  first  symp- 
toms of  peritonitis  on  the  evening  of  the  second  day  after  her  con- 
finement 

The  belly  was  somewhat  swelled,  and  tender  to  the  touch.  There 
was  extreme  heat,  violent  thirst,  and  rapid  respiration.  The  pulse 
was  quick,  hard,  and  full,  ISO  in  the  mmute.  The  blood  formed  a 
tolerably  firm  clot,  and  was  covered  with  a  bufiy  coat  of  a  line  and 
a  half  thick.  There  was  violent  exacerbation  on  the  evening  of  the 
third  day:  the  countenance  was  much  flushed,  there  vnui  delirium, 
the  pulse  was  140,  and  hard.  It  was  at  this  period  that  the  blood 
referred  to  in  analysis  23  was  taken. 

On  the  fourth  day  the  abdomen  was  tympanitic:  the  head-symptoms 
were  comparatively  gone:  the  countenance  was  pale,  pulse  140,  soft 
and  small.  The  composition  of  the  blood  now  taken  is  given  in 
analysis  24.  The  patient  died.  Dissection  showed  that  the  thoracic 
organs  were  healthy,  but  that  there  was  exudation  in  the  abdomeni 
with  flocculent  and  purulent  matter:  the  same  was  found  in  the  ute- 
rus and  intestines.  The  vessels  on  the  peritoneal  surface  were  fully 
injected;  and  on  cutting  into  the  uterus,  milky  pus  was  observed  to 
exude  in  pearly  drops  from  the  distended  lymphatic  vessels. 

In  relation  to  the  chemical  constitution  of  the  blood  taken  at  the 
second  venesection,  we  may  observe  (vide  supra,  p.  215)  that  there 
is  a  diminution  not  only  of  the  quantity  of  the  solid  constituents,  but 
also  of  the  haemato-globulin  or  blood-corpuscles.  The  fibrin,  how- 
ever, instead  of  being  increased,  is  diminished  by  *01,  which  may 
probably  be  accounted  for  by  the  circumstance  of  the  pulse  not 
having  increased  in  frequency,  and  having  even  become  less  hard. 

Andral  and  Gavarret^  have  made  eight  analyses  of  the  blood  of  four 
persons  sufiering  from  peritonitis:  one  was  a  case  of  simple  peritoni- 
tis; the  others  were  instances  of  metroperitonitis.  Two  of  the  cases 
terminated  fatally,  and  in  these  a  large  quantity  of  pus  was  found  in 
the  abdominal  cavity.  • 

Their  analyses  gave  the  following  results: 

coriHiiclef.  Solid  r«Mae  of  feniB. 

84*5 
83^ 
69*5 
849 
69^ 
8&8 
83-1 
80-1 
80H) 

Andral  and  Gavarret  make  the  following  observaUons  on  these 
analyses.  Two  of  them  exhibited  a  considerable  decrease'  in  the 
quantity  of  fibrin.     In  one  of  these  cases  (the  third  venesection  of 

1  Aimal.  de  Chimie  et  de  Physique,  vol.  75,  p.  261 . 

3  They  do  not,  of  ooorae,  refer  to  an  abaotole  decrean  belour  te  betltiiy  ilaiidaidv  bat 
uierely  below  the  ordinaiy  ilandeid  of  the  blood  in  influnmaftoij  diinden. 


Venesection 

• 

Water. 

Solid  rendoe. 

Fibrin.      B 

lood-corpuw 

IstCatt 

1 

787-2 

212-8 

6-5 

122-8 

( 

:i 

822-9 

177-1 

5-4 

88-3 

2d    «     } 

2 

831-6 

168-4 

5-3 

73-6 

i 

3 

851-0 

149-0 

3-6      , 

60^ 

3d    " 

1 

786-4 

213« 

7-2      • 

1170 

( 

;i 

789-4 

210-6 

3-8 

120O 

4th    "     ] 

2 

8027 

197-3 

4-7 

109-5 

( 

^3 

81 3« 

186-5 

6-1 

100-3 

Healthy  blood 

7900 

210H) 

30 

1270 
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the  second  case),  it  amoifkited  only  to  3*6  in  1000  parts  of  blood. 
The  bk>od  for  this  analysis  was  taken  at  a  period  when  the  patient 
WIS  much  reduced  by  marasmus. 

Dissection  revealed  the  existence  of  pus  in  the  cavity  of  the  abdo- 
men, a  consequence  of  the  previous  inflammation. 

The  second  instance  is  Uiat  of  the  1st  venesection  oi*  the  fourth 
case,  in  which  3  8  of  fibrin  were  found.  This  case  was  that  of  a 
MToman  labouring  under  suppression  of  the  catamenia,  who  was  seized 
with  violent  pains  in  the  abdomen,  which  were  attributed  to  mere 
uterine  congestion:  there  was  no  fever  present  The  blood  con- 
tained 3-8  of  fibrin,  little  more  than  the  normal  proportion.  At  the 
expiration  of  two  days  the  pain  became  more  acute,  and  the  blood 
taken  at  the  second  venesection  contained  4*6  of  fibrin.  From  this  ra- 
pid increase  of  the  fibrin  it  was  inferred  (although  there  was  no  fever) 
that  something  more  than  simple  hyperaemia  of  the  uterus  was  pre- 
sent; and,  in  point  of  fact,  on  the  following  day  all  the  symptoms  of 
metroperitonitis  were  established. 

At  the  third  venesection,  6*1  of  fibrin  were  found  in  the  blood. 
After  this  time  the  patient  began  to  improve. 

This  case  is  of  much  interest,  as  affording  an  illustration  of  the  im- 
portance of  chemical  research  in  the  formation  and  establishment  of 
diagnosis. 

[A  singular  case  of  peritonitis,  in  which  milky  serum  was  observed, 
has  been  recently  published  by  Heller.  It  occurred  in  a  robust  but 
not  corpulent  man,  aged  40  years.  The  blood,  when  first  drawn, 
was  of  ordinary  colour,  and  on  standing,  the  clot  and  serum  separated 
perfectly,  the  former  not  exhibiting  a  huffy  coat 

In  1000  parts  of  blood  there  were: 

F&rin 4-73 

Blood-oorpaflcles      -        -        -  80*13 

In  1000  parts  of  the  serum  there  were: 

Water          -        -        -        -  829*515 

Solid  resdiie        ^-        -        -  170*485 

Fat 50*473 

Anxmien      ....  108-791 

Extractive  matters  and  nltB    -  11*221 

The  fat  was  perfectly  saponifiable  with  potash,  and  yielded  no 
traces  of  cholesterin.  ^ 

After  the  separation  of  the  clot,  the  serum  exactly  resembled  milk : 
its  reaction  was  alkaline,  and  its  specific  gravity  1024*35. 

In  the  blood  of  a  girl,  aged  18  years,  suffering  from  a  slight  attack 
of  peritonitis,  Becquerel  and  Rodier  found  a  marked  diminution  of 
the  blood-corpuscles,  and  an  iocrease  of  the  fibrin  (5;)  the  albumen 
remained  normal,  the  phosphates  and  the  cholesterin  were  in- 
creased. 

The  serum  was  abundant,  limpid,  and  yellow;  the  clot  large  and 
firm. 
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In  a  woman,  aced  24  years,  attacked  with  metroperitonitis.  Sobe- 
rer observed  a  tolerably  large  buffy  coat,  apparently  more  gelatinous 
than  tough.  The  clot  was  rather  large,  but  not  yery  firm.  The 
serum  was  neutral. 

The  blood  contained  in  1000  parts: 


814*63 

18&47 

&38 

9G>35 

70-16 


Water    -        -       - 

Solid  oooititiieoto     - 

Ffinrin    •        ■        - 

Albainen 

Bloodcoipiiadiet 

Fat  and  extracthe  mattere        -  &0S 

8alli 7-13 

Two  days  afterwards  the  blood  contained: 

Water 832^ 

Solid  coDidtiienti    -       -       •  167-42 

Fibrin 4-02 

Albumen        -       -       -       -  10(H25 

BloodH»ipi]«aea      •        -       -  52*30 

Salt!  and  extractive  matten      -  11*42 

The  bufiy  coat  had  a  more  gelatinous  appearance,  and  the  serum 
was  redder  than  on  the  former  occasion.  I)eath  occurred  two  days 
after  the  second  venesection. 

In  a  case  of  metroperitonitis,  in  which  the  blood  was  analysed  by 
Heller,  the  clot  was  soft,  and  exhibited  a  well-marked  buny  coat 
The  serum  was  clear,  but  of  a  deep  yellow  colour,  and  contained  a 
large  quantity  of  biliphsein.  Its  specific  gravity  was  1024.  The 
blood  consisted  of  486*5  parts  of  clot  and  513*5  of  serum,  and  con- 
tained : 

Water 820-02 

Solid  conadtnenti    ...  179*98 

Fibrin 7-78 

Bkrad^oorpoades      -        -        -  87*12 

Residue  of  seram  (with  biliphein)  86*06] 

IV.  INFLAMMATION  OF  THE  UROPOIETIC  VISCERA. 

Nephritis  and  tystiiis. 

Very  little  has  been  done  in  the  chemistry  of  the  blood  in  these 
diseases. 

Lauer^  found  that  the  blood  taken  from  a  man  sufiering  from 
nephritis,  and  who  speedily  fell  a  vibtim  to  the  disease,  strongly 
resembled  milk. 

A^ndral  and  Gavarret'  analyzed  the  blood  of  a  man  sufiering  from 
inflammation  of  the  bladder,  and  found  it  to  be  composed  of 


Water 78W 

Fibrin      -        ...        -  &4 

111*4 
aemm        -        -         97*4 


Blood-corpoadea 
Solid  residue  of  a 

The  increase  of  the  fibrin  and  the  diminution  of  the  corpuscles 

«OpLcitp.32.  •  Ofk  dt.  |k  266. 
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show  that  this  blood  is  similar  in  its  constitution  to  the  blood  in  other 
inflanunatory  diseases. 

The  blood  in  acute  rheumatism^  Erysipelas,  tubercular  phthisis, 
puerperal  mania,  &C.9  is  so  strongly  impi'essed  with  the  ordinary 
characters  of  hyperinosis,  that  we  shall  consider  it  in  reference  to 
those  diseases,  in  the  present  place. 

a.  Rheumatismus  acuius. 

In  acute  rheumatism,  accompanied  by  fever,  the  blood  always  ex- 
hibits, in  a  more  or  less  marked  degree,  the  characters  of  hyperinosis. 

The  clot  is  rather  small,  consistent,^  and  sometimes  povered  with 
a  strong  buffy  coat  The  serum  is  usually  clear,  and  of  a  deep  yel- 
low colour. 

I  have  made  only  one  analysis  of  the  blood  in  acute  rheumatism 
accompanied  with  fever.     I  found  that  the  quantity  of  fibrin  was' 
considerable,  that  the  quantity  of  fat  was  sensibly  increased,  and  of 
hasmato-globulin  much  diminished  in  relation  to  the  normal  pro- 
portion. 

Andral  and  Gavarret  have  analyzed  the  blood  in  14  cases  of  acute 
rheumatism.  They  found  that  if  the  blood  was  taken  during  the 
period  of  acute  pain  and  fever,  the  fibrin  existed  in  much  larger  pro- 
portion than  normal  blood.  # 

On  the  other  hand,  they  found  that  the  quantity  of  fibrin  was  even 
less  than  in  normal  blood,  in  the  case  of  an  individual  who  was  bled 
after  the  subsidence  of  the  pain  and  of  the  fever. 

In  those  cases  in  which  the  pain  and  fever  returned,  after  an  im- 
provement had  taken  place,  an  increase  of  fibrin  was  again  observed. 

My  analysis  gave  the  following  results: 

Analyns  S5. 

Water      ....  801«600 

Solid  reaidue      -        -        .  19B-500 

Fibrin       ....  6*320 

Fat 3-160 

Albumen  ....  100-640 

Globulin  -        -        -     ^.  71-660 

Hematin           .        .        .  3<K)0 

Extractive  matten  and  aUs  11-860 

The  blood  was  taken  from  a  man  aged  35  years,  in  whom  the 
joints  of  the  foot  and  knee  were  much  swollen  and  very  painful ;  the 
joints  of  the  hand  were  less  swollen,  but  very  tender  on  being 
touched.     The  febrile  symptoms  were  not  severe. 

'The  following  table  exhibits  the  maxima,  minima,  and  mean  of 
43  analyses  made  by  Andral  and  Gavarret  upon  the  blood  of  43  indi- 
viduals sufiering  from  acute  rheumatism : 

*■  Naan  alatot  tfaati  in  inflammatoxy  rheumatisD,  be  baa  obnrved  a  Bolid  dot,  although, 
when  the  bofl^  ooat  was  veiy  strong,  its  consistence  was  leas  on  its  lower  surfine.  Accord- 
ing to  HeOer,  a  thick  dot  is  formed  fai  acute  rheumatism.  (Staik,  Allg.  Patholog.  p.  960.^ 
Jennings,  on  the  other  hand,  maintains  that  the  dot  under  the  bufi^  ooat  is  so  loose  as  to  M 
to  pieces  on  the  lightest  touch.  (Course  of  Lectuxes  on  the  Physiology  and  Patfiology  of  the 
Blood,  by  Anoefl.    *  The  Lancet,' 1640,  p.  64 1.) 


Watir. 

BoMrandM 

L    flMs.      J 

■Mrficnpi 

Mbodm.       8»6 

SM 

IM 

1300 

IGniiiMi  -       771^ 

l&H 

M 

70-1 

Mem      -       80M 

194'6 

67 

lOlO 

Healthy  blood  79(H) 

21(H) 

30 

127-0 
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104« 
7W 
860 
80O 

100  parts  of  the  solid  residue  of  the  serum  gave,  on  aa  averagey  7*9 
of  inorganic  constituents. 

The  quantity  of  blood-corpuscles  only  once  exceeded  the  quantity 
in  normal  blood,  and  this  instance  coincides  with  that  in  which  the 
solid  constituents  generally  attained  their  maximum,  228*0;  in  most 
instances  it  was  considerably  (ifiminished,  and  hence  we  find  that  the 
average  displays  the  corpuscles  16  below  the  ordinary  proportion. 
In  only  four  cases  was  the  quantity  of  fibrin  lower  than  5*0.  Andral 
and  Gavarret  remark  that  the  acuteness  of  the  pain  seems  to  have  a^ 
greater  influence  on  the  increase  of  the  fibrin  than  the  stage  or  dura- 
tion of  the  disease.  The  blood  will  be  found  to  contain  as  larg^  a 
proportion  of  fibrin  at  the  commencement  of  a  rheumatic  attack 
which  begins  very  severely,  as  at  a  much  later  period  in  a  case  com- 
mencing mildly,  but  in  which  acute  pain  gradually  supervenes.  This 
will  be  seen  by  the  following  analyses: 


VentMction. 

DayorOiiMM. 

Water. 

Fibrin. 

Blood -eorpatcUa. 
10^3 

ftetidae  ofwrwD. 

(I 

4 

797*1 

80 

84-7 

2 

5 

7960 

9-8 

J07-5 

81-8 

lftCan^3 

6, 

812-5 

8-5 

95-4 

830 

|4 

10 

820O 

6-4 

93^ 

79-6 

U 

25 

789-7 

2« 

1170 

896 

*1 

8 

778-8 

6-1 

123-1 

920 

2 

9 

780O 

7-2 

1207 

91-2 

2dCa»J^ 

10 

7880 

7-8 

112« 

9W 

13 

7990 

10^ 

lOlO 

flQJH 
OtTO 

5 

17 

813-9 

90 

894 

870 

6 

28 

826-2 

70 

83« 

830 

In  the  first  case,  the  maximum  of  fibrin  is  found  in  the  blood  taken 
at  the  second  venesection,  and  as  early  as  the  fifth  day  of  the  dis- 
ease. In  the  second  case,  on  the  contrary,  it  did  not  occur  until  the 
fourth  venesection,  upon  the  thirteenth  day  of  the  disease,  when 
nearly  all  the  joints  were  reported  to  be  in  a  swollen  and  painful 
state.  These  symptoms  began'to  diminish  after  the  next  two  bleed- 
ings; the  fever,  however,  still  continued. 

The  minimum  of  fibrin  in  the  first  case  occurred  at  the  period  of 
the  fifth  venesection,  and  in  even  less  than  the  amount  in  normal 
blood:  the  corpuscles  are  now  considerably  increased.  This  vene- 
section was  performed  on  the  eighteenth  day  of  convalescence,  after 
all  pain  had  entirely  disappeared,  and  after  the  patient  had  been  put 
upon  a  nourishing  diet 

Andral  and  Gavarret  show  in  the  following  table  how  the  remis- 
sion of  the  fever  influences  the  quantity  of  fibrin. 

Day  lince  com* 
VeoeMction.  menoeioieiit  of  diieaie. 

1  4 

2  19 

3  24 

4  34 


Water. 

Fibrin. 

Blood-corpoiclei. 
111-9 

Rciidoe  of  aeniiD. 

7950 

6-2 

86-9 

801-5 

3-7 

10520 

82« 

8140 

6-5 

95-8 

830 

8338 

5-8 

81*5 

780 

BLOOD. 


2S7 


The  second  bleediDg  was  ordered  when  the  fever  had  completely 
gone,  and  only  a  few  slight  pains  remained ;  the  third  upon  the  oc- 
currence of  a  relapse;  and  the  fourth  during  a  continuation  of  the 
pain  and  fever. 

[Dr.  Rindskopf  has  analyzed  the  blood  of  a  woman  suffering  from 
rheumatism,  accompanied  with  pneumonia.  He  found  in  1000 
parts: 

Ift  Vencwetion.     9d  VtMwction.  ^ 
809-973 


Water         -       -       - 
Solid  oonstitcienlB 
Fibrin         -       -       - 
MattezB  cottgulabfe  by  heat 
Salts  .... 
£xtrective  matten 


19(H)87 

4-652 

16&954 

12-188 

&233 


S^-SSG 


Deneitj  of  defibrinated  blood 
Oeuutj  Of  aaniiii 
Water 

Solid  oooititaBiitB  • 
f^vin  -       .       - 

Fat  ...  . 
ASbmotm  ... 
BIood-CQirpiiiidea     - 

matterB  and  adts 


Becquerel  and  Rodier  have  analyzed  the  blood  of  four  men  suffer- 
ing from  acute  rheumatism.  The  mean  composition  of  the  blood  is 
given  in  the  following  table: 

106&5 

103SM 

79&9 

lOM 

58 

1-647 

66-9 

1187 

8-1    ] 

Andral  and  Gavarret  have  analyzed  the  blood  of  ten  individuals 
suffering  from  chronic  and  subacute  articular  rheumatism.  No  pecu- 
liarly striking  results  obtained.  The  proportion  of  fibrin  in  no  in- 
stance exceeded  5*0^  and  in  two  cases  was  as  low  as  2-9  and  2*6. 
The  blood-corpuscles  in  one  instance  amounted  to  no  less  than  154*3, 
and  the  solid  constituents  to  259*1.  In  the  other  cases  the  corpus- 
cles were  below  the  healthy  average. 

These  results  lead  us  to  the  conclusion  that,  provided  there  are 
no  other  disturbing  influences,  as  the  rheumatism  loses  its  acute  cha- 
racter, the  blood  gradually  throws  off  the  specific  characteristics  of 
hyperinosis. 

The  following  table  exhibits  the  maxima,  minima,  and  mean  results, 
as  deduced  from  10  analyses: 


Water. 

ffHW  O 

cORro 

74M 

783'7 
79(M) 


Solid  retidoe. 

869-9 
173« 
217-3 
2100 


Fibrin. 

6-1 
2-6 
3« 
3-0 


Blood-«or* 

patclM. 

154*3 

790 

108-2 

127-0 


Solid  reaidae 

ofterum. 

1020 

771 

962 
80O 


WBlillWIIII    — 

Mean 

Healthy  blood      - 

I  add  the  results  of  some  of  the  analyses,  on  account  of  the  inte- 
resting remarks  that  Andral  and  Gavarret  have  made  on  them. 


1 
2' 

3 

4 


Water. 
8a&6 
818-3 
815-4 
74M 


Solid  retidoe. 
1732 
181-7 
184-6 
2590 


Fibrin.  Blood-corpeKles. 
4-8  7M 

4-6  89-1 

4-0  880 

20  154-3 


Solid  retidae  of  Mmra. 

89-4 

880 

980 

lOSO 
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The  blood  in  the  first  of  these  cases  was  taken  from  a  colour-mix- 
er under  the  influence  of  lead,  to  which  circumstance  Andral  and 
Ga\rarret  attribute  the  deficiency  of  the  corpuscles.  In  the  second  of 
these  cases,  the  blood  was  taken  from  a  person  who  had  sufiered  fnom 
an  acute  attack  of  rheumatism,  for  which  he  had  been  bled  six  times  (!}, 
besides  haviDS  had  200  leeches  (!)  applied;  a  fully  sufficient  rea- 
son why  the  blood  contained  only  89*0  of  corpuscles.  The  blood  in 
the  thind  analysis  was  taken  from  a  person  suffering  from  incipient 
chlorosis.  In  the  fourth  case  the  blood  was  taken  from  a  vigorous 
person,  20  years  of  age,  which  accounts  for  the  unusually  large  quan- 
tity of  corpuscles,  as  well  as  of  solid  constituents  generally. 

^.  Erysipelas, 

I  have  not  made  any  analyses  of  the  blood  in  erysipelas.  Andral 
and  Gavarret  found  that  the  blood,  in  ordinary  erysipelas  attended 
with  fever,  was  so  rich  in  fibrin,  and  the  quantity  of  corpuscles  so  re- 
duced, as  to  leave  no  doubt  of  the  existence  of  hyperinosis. 

It  is  by  no  means  easy  to  detect  the  peculiar  properties  of  the  blood 
depending  on  this  disease,  for  as  soon^  as  any  inflammatory  fever  is 
complicated  with  it,  the  blood  will,  from  that  cause  alone,  assume  a 
state  of  hyperinosis.  Moreover,  the  mere  circumstances  of  tempera- 
ment, age,  &c.,  may  induce  a  state  of  the  blood  partially  approxi- 
mating to  hyperinosis,  or  to  hy pinosis.  Contradictory  results  may  also 
arise  from  variations  in  treatment,  as  far  as  venesection  is  concerned. 
We  know,  for  instance,  that  in  France  the  lancet  is  used  with  an  un- 
sparing hand;  and  if  venesection  be  ordered  in  a  case  of  erysipelas  in 
which  no  serious  inflammatory  affection  is  present,  it  is  by  no  means 
impossible  that  the  blood  may  exhibit  the  character  of  hypinosis.  In 
Germany,  on  the  contrary,  venesection  is  seldom  prescribed  unless 
decided  inflammatory  symptoms  present  themselves;  in  this  case  the 
blood  is  sure  to  exhibit  the  character  of  hyperinosis.  Sch5nlein  states 
that  in  erysipelas  the  serum  is  always  tinged  yellow  by  the  colouring 
matter  of  the  bile;  that  the  proportion  of  the  serum  to  the  clot  is 
large;  and  that  the  consistence  of  the  clot  is  inversely  as  its  size. — 
These  characters  decidedly  indicate  a  state  of  hyperinosis. 

Andral  and  Gavarret  have  made  eight  analyses  of  the  blood  of  five 
persons,  four  of  whom  were  suffering  from  erysipelas  of  the  face,  and 
one  from  inflammatory  erysipelas  of  the  foot  In  seven  of  these  cases 
the  fibrin  was  materially  increased;  in  three  instances  it  amounted  to 
5-0,  in  three  to  60,and  in  one  to  7-0.  In  a  much  shorter  and  milder 
case,  in  which  there  was  but  little  fever,  it  amounted  to  only  3*6. 

Their  analyses  gave  the  following  results: 


Vea««etioii.  meoMmeDtof  W.tcr.  ^«  Fibrin.  o«!J«2i.  ^^^2!*£U«c- 

iKi^aae^j^              3  ^^^  jg^^       ©-l  61-4  87^       6« 

QAr^Sl              2  799^  90(>6       &7  ](KM  78-9       68 

'"^■"l«              3  80&3  193«       7-3  101-9  7M       W 
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DariiBeecoaii-                    g^,^  Blood.  Solid  retidue 

VeaeieeUoD.        menccawnt  of  Water.     ^^^     Fibriu.  corpu»d9t.  ^■«''»?- 

3d  Caw    1           3              831*2       168-8        &0  73^  hrO        7^ 


Ao.    u    i^  5  7887       211-3        4-7  119-1  80-7        6-8 

*™         >2  8  796-9      203-1        fW)         110-7  80-5        6-9 

5tfi    <«       1  3  762-9      230-4        3-6         139-4  804       7-2 

The  large  amount  of  corpuscles  associated  with  the  slight  increase 
of  fibrin  in  the  fiflh  case  is  explained  by  the  circumstance  of  the  at- 
tack being  very  mild,  and  the  constitution  particularly  strong.  The 
reverse  is  seen  in  the  first  case,  in  which  the  blood  was  taken  from  a 
woman  who  had  been  scrofulous  from  her  youth. 

The  serum  contains,  on  an  average,  7*8^  of  inorganic  constituents; 
just  the  same  amoupt  as  in  acute  rheumatism. 

[Blood,  in  a  case  of  erysipelas  of  the  hand,  analyzed  by  Rinds- 
kopf^  yielded  7'71  of  fibrin.  The  blood-corpuscles  were  not  deter- 
mined. 

In  a  case  of  erysipelas  in  the  face,  occurring  in  a  young  man  aged 
20  years,  recorded  by  Heller,  the  blood  separated  into  648*96  parts 
of  clot  and  351*04  of  serum.  The  clot  was  tolerably  firm,  and  co- 
vered with  a  buffy  coat  The  serum  was  of  a  fawn  colour,  and  turbid, 
in  consequence  of  suspended  hasmato-globulin.  It  contained  no  bili- 
phaein. 

The  blood  contained  in  1000  parts: 

Water 7G^4A 

Solid  ooostitneDtB    -        -        -  237-56 

Fibrin 5-45 

Blood-oonyoflcles      ...  141-71 

Solid  reaaue  of  serum      -       -  90*40] 

y.  Phthisis  tuberculosa. 

It  is  a  well  known  fact  that  the  blood  of  phthisical  patients  ex- 
hibits the  ordinary  characters  of  inflammatory  blood. 

The  clot  is  usually  rather  small,  consistent,  and  covered  with  a  bufiy 
coat:  the  serum  is  clear,  and  of  a  bright  yellow  colour.  The  blood 
diflers  considerably  during  the  progressive  stages  of  the  disease. 

Andral  and  Gavarret  observe  that,  whatever  be  the  stage  of  the  dis- 
order at  which  the  blood  is  analyzed,  the  fibrin  seems  always  on  the 
increase,  and  the  corpuscles  on  the  decrease;  but  the  proportion  of  the 
increase  on  the  one  hand,  and  decrease  on  the  other,  varies  with  the 
progress  of  the  disease.  If  the  tubercles  are  still  in  a  crude,  unsofl- 
ened  state,  the  increase  of  fibrin  is  only  small,  and  its  whole  amount 
may  be  estimated  at  about  4;  and  the  decrease  in  the  amount  of  cor- 
puscles, although  perceptible,  is  by  no  means  great  As  the  tuber- 
cles begin  to  soften,  the  quantity  of  fibrin  usually  increases  to  about 
4*5^  while  the  amount  of  corpuscles  continues  on  the  decrease.  Sub- 
sequently, upon  the  formation  of  vomicae  in  the  lungs,  the  fibrin  rises 
to  5'5y  and  sometimes  even  to  5*9:  it  never,  however,  attains  the  height 
observed  in  pneumonia.  In  the  very  last  stage  of  the  disease,  as  the 
20 
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blood  becomes  poor,  the  fibrin  diminishes  in  much  the  same  ratio 
with  the  other  solid  constituents,  and  sometimes  falls  even  under  the 
healthy  standard.  Generally  speaking,  it  seems  that  the  amount  of 
fibrin  attains  its  maximum  about  the  period  when  the  febrile  symptoms 
are  regularly  established. 

I  have  made  three  analyses  of  the  blood  of  phthisical  persons,  the 
results  of  which  ai*e  not  devoid  of  interest 

AiMlyiis  96.     Analyw  27.      Anatym  28. 
Water        ....        807-500  82&200  750HH)0 


Solid  residue 

19»500 

174-800 

a&owo 

Fibrin 

*               •               « 

4-600 

6-500 

a  traoe 

r«t    -      - 

■               ■               • 

2-350 

4-200 

3-750 

Albumen     - 

98-360 

90*350 

131-000 

Globulin      - 

»               •               « 

71-230 

61-110 

94-500 

Hsmatin     - 

»               «               « 

3-110 

fHm 

2750 

Extracti^  matters  and  salts 

9-350 

8O00 

15<J50 

The  blood  in  analysis  26  was  taken  from  a  man  aged  36  years,  in 
the  second  stage  of  tubercular  phthisis,  who  afterwards  sunk  under 
the  disease.  The  blood  in  analysis  27  was  taken  from  a  man  aged 
41,  in  the  third  stage  of  the  disease,  who  suffered  extremely  from  noc- 
turnal colliquative  sweats,  and  from  feverish  symptoms.  In  these  two 
instances  the  blood  exhibits  the  characters  of  hyperinosis,  for  the 
quantity  of  fibrin  is  in  one  instance  twice,  and  in  the  other  thrice  the 
normal  amount,  and  the  amount  of  hasmato-globulin  is  below  the 
healthy  standard:  moreover,  the  quantity  of  solid  constituents  is  less 
than  in  healthy  blood.  Andral  and  Gavarret's  observations  respect- 
ing the  changes  that  the  blood  undergoes  as  the  disease  advances  are 
here  borne  out 

The  28th  analysis  gives  results  quite  at  variance  with  the  two  for- 
mer. The  blood  in  this  instance  was  taken  from  a  man  about  30  years 
of  age,  who  was  treated  in  our  hospital  for  tubercular  phthisis.  He 
had  taken  cod-liver  oil  for  sometime  with  much  benefit;  subsequent- 
ly, however,  frequent  attacks  of  haemoptysis  came  on,  for  which  vene- 
section was  always  immediately  prescribed.  The  clot  in  these  cases 
was  seldom  very  firm.  I  analyzed  the  blood  taken  at  his  last  vene- 
section. It  was  received  into  a  shallow  vessel,  and  amounted  to  be- 
tween six  and  seven  ounces.  It  did  not  coagulate,  and  it  presented 
the  appearance  of  a  homogeneous  dark  red  fluid,  in  which  some  white 
gelatinous  flocks  of  coagulated  fibrin  were  swimming. 

The  blood  contained,  much  to  my  surprise,  a  larger  amount  of  solid 
constituents  than  I  have  ever  observed  in  any  other  analysis.  The 
fat,  when  isolated,  smelt  strongly  of  the  volatile  fatty  acid  of  the  cod- 
liver  oil,  the  odour  of  which  was  also  strongly  developed  durins  the 
evaporation  of  the  blood  to  dryness.  A  considerable  quantity  of  hae- 
mapheein  was  present,  and  deeply  coloured  the  extractive  matters 
and  salts.  It  is  very  probable  that  the  peculiar  changes  in  the  blood 
in  this  instance  are  due  principally  to  the  cod-liver  oil  and  to  the  re- 
peated bleedings. 

Andral  and  Gavarret  have  analyzed  the  blood  in  21  cases  of  this 
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disease.  Their  maximum  of  fibria  was  5-9,  their  minimum  2*1. — 
In  only  two  instances  did  the  amount  of  corpuscles  approximate  to 
the  normal  standard ,  as  fixed  by  Lecanu.  In  these  two  cases  it  was 
represented  by  128'1  and  120*4  respectively.  The  amount  was  fre- 
quently below  100,  and  the  decrease  of  corpuscles  was  almost  always 
found  to  be  accompanied  with  a  corresponding  increase  of  fibrin. 

The  maxima,  minima,  and  average  of  the  various  constituents,  as 
deduced  from  22  analyses,  made  by  Andral  and  Gavarret,  are  given 
iti  the  following  table : 

Solid  residoe 
Water.      Solid  residoe.    Fibrin.       Blocd-corpaiclei.  of  nerum. 

Mazimom      •        845-8  225*0  5-9  122-1  105^ 

Biinimmn       -        775K)  154-2  2*1  76-7  65-1 

Mean     -        -        809-7  190-3  4-4  100-5  85-3 

Healthy  blood  890O  210-0  3K)  127-0  80K) 

This  table  shows  the  great  difference  that  may  exist  between  the 
quantities  of  the  solid  constituents,  and  of  the  corpuscles,  in  healthy 
and  in  diseased  blood. 

[Beequerel  and  Rodier  examined  the  blood  of  nine  persons  affect- 
ed with  pulmonary  phthisis,  viz.  five  men  and  four  women. 

The  following  table  represents  the  mean  composition  of  the  blood 
of  the  men : 

]8t  Venesection.        9d  VeneMction.       3d  Venesection. 

Dennt^  of  defifarinated  blood       -  1056-7  1055-5  1050-3 

Denn^offlenim       -        -        -  1028K)  1026-3  1025-5 

Water 794-8  799«  821-0 

Solid  coDstitiientB      -        -        -  205-2  200-2  179H) 

Fflwin 4-8'  '4-2  3« 

Fat 1-554  1-443  1-060 

Atbimieii          ....  66-2  65K)  62-0 

BloodKxirpaacIes        -        -       -  125K)  122-7  103-5 

ExtTKtive  matters  and  salts  7-7  6-7  8-9 

Mean  composition  of  the  blood  of  phthisical  women: 

Dennty  of  defibrinated  blood  -        -  1055-4 

Density  of  Knim    -        .        .        .  1028-2 

Water 796-8 

Solid  constituents    ....  203-2 

Fibrin 40 

Fat 1-729 

Albumen 70-5 

Blood-coipuscles     ....  119-4 

Extractive  matters  and  salts     -        -  7-6] 

fi.  Febris  puerperalts. 

[The  blood  in  this  disease  has  been  analyzed  by  Heller:  it  was  of 
a  very  dark  brown  colour,  but  coagulated  in  the  ordinary  manner: 
the  serum  was  turbid,  but  after  standing  for  some  time  became  clear; 
its  reaction  was  alkaline,  its  specific  gravity  1025,  and  it  contained 
no  biliphaein.  The  clot  was  dark,  of  a  loose  consistence,  and  co- 
vered with  a  strong  bufiy  coat,  over  which  there  was  a  delicate  mem- 
brane, that  presented  under  the  microscope  a  finely  granular  appear- 
ance, and  fat-vesicles. 
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In  1000  parts  of  blood  there  were  contained : 

Water 833^ 

Solid  GODfltittiBotB     -       -        -  166*15 

Fibrin 5-16 

BloakcQfpaKfes      ...  77*52 

Anxmieii  and  extractive  matten  77*47 

Fixed  salts      ....  600 

The  blood  has  been  partially  analyzed  in  two  cases  of  this  disease 
by  Becquerel  and  Rodier. 

In  the  first  case  the  blood,  taken  at  the  first  venesection,  yielded 
fibrin  (4*3,)  albumen  {55'6j)  and  blood-corpuscles  (77-3:)  at  the  second 
venesection,  the  fibrin  was,  (4*2,)  the  albumen  (54,)  and  the  blood- 
corpuscles  (66*6.)  The  cholesterin  and  the  phosphates  exceeded  the 
normal  amount. 

In  the  second  case,  the  fibrin  was  normal,  the  albumen  (43,)  and 
the  blood-corpuscles  (70).] 

f.  Eclampsia.     Convulsions. 

[The  blood  of  a  girl,  aged  20  years,  who  frequently  had  40  or  50 
attacks  in  the  course  of  24  hours,  was  subjected  to  several  analyses 
by  Heller. 

The  blood  taken  on  the  first  occasion  was  of  rather  a  dark  coIouTi 
the  clot  was  loose,  and  the  serum  was  turbid  and  light  red,  in  con- 
sequence of  the  presence  of  haematin.  The  specific  gravity  of  the 
serum  was  1030,  and  the  relation  of  the  clot  to  the  serum  as  446: 
554. 

The  blood  contained  in  1000  parts: 

Water 797*00 

Solid  oonatitueiitB    -       .       .  203*00 

Fibrin 6*00 

Blood-coipuflcles      .       .       -  92*36 

Albumen  with  extractive  matten  96-03 

Fixed  salts      ....  8*35 

A  second  venesection  was  instituted  33  days  afterwards.  The 
physical  characters  of  the  serum  were  much  as  on  the  former  occa- 
jsion,  except  that  its  specific  gravity  was  only  1025.  The  blood  was 
taken  partly  from  the  arm,  and  partly  from  the  foot. 

The  blood  from  the  arm  separated  into  598*4  parts  of  clot,  and 
401*6  of  serum,  and  was  composed  of: 

Water 800O6 


SoUdreaidue  - 
Fibrin    - 
Blood-oarpoades 
Residue  of  serum 


199-94 

4*44 

113*16 

82-35 


The  blood  from  the  foot  separated  into  568*6  parts  of  clot,  and 
431*4  parts  of  serum,  and  was  composed  of: 

Water 778*43 

Solid  constituents     ...  221*57 

Fibrin 5*84 

filood-corpusdes      -        .        .  125*d0 

Residue  of  serum     ...  89^ 
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In  the  blood  from  the  foot,  the  clot  was  covered  with  a  huffy  coat 
of  about  two  lines  in  thickness;  in  the  blood  from  the  arm  there  was 
no  indication  of  that  phenomenon. 

Heller  likewise  analyzed  the  blood  in  a  case  of  convulsions  oc- 
curring a  few  hours  after  delivery. 

At  the  period  of  the  venesection  there  were  symptoms  of  metro- 
peritonitis and  endometritis. 

The  blood  was  of  a  tolerably  bright  red  colour,  and  separated  on 
coagulation  into  587*3  parts  of  clot,  and  412*7  of  serum.  The  spe- 
cific gravity  of  the  latter  was  1026,  and  it  contained  a  large  quantity 
of  biliphaein. 

The  blood  contained  in  1000  parts: 

Water 788^ 

Solid  reddue  ....  211-80 

Fibrin MJ7 

Blood^oroofldoi      ...  124*07 

Beadueftfaerum     *        -        -  81*86] 

^.  Carcinoma  medullare  colli  uteri. 

[The  sanguineous  discharge  from  the  uterus  of  a  woman,  aged  34 
years,  presenting  all  the  characters  of  intense  anaemia,  was  analyzed 
by  Drs.  Lenzberg  and  Morthier.  It  was  of  a  dark  red  colour,  and 
the  separation  into  clot  and  serum  was  not  very  perfect.  There  ap- 
peared, however,  to  be  about  543  of  the  former,  and  457  of  the  latter. 

The  blood  consisted  of: 


Water    - 
Solid  constituentB 
Fibrin    - 
Blood-corpufldea 
Residue  ojf  serum 


832^6 

167-53 

16*44 

77-03 

74-06 


Here  we  see  that  there  is  an  enormous  increase  of  fibrin,  and  a 
j5reat  diminution  of  the  corpuscles,  while  the  residue  of  the  serum  re- 
mains almost  normal.] 

On  the  probable  cause  of  the  peculiar  change  in  the  composition 

of  the  blood  in  inflammatory  diseases. 

Although,  in  consequence  of  the  deficiency  of  our  knowledge  re- 
garding the  true  nature  of  inflammation,  an  attempt  to  explain  the 
primary  causes  of  the  change  undergone  by  the  blood  during  this 
process  may  be  deemed  precipitate,  yet  the  announcement  of  an  opi- 
nion (though  it  have  no  higher  claim  than  a  mere  hypothesis)  may 
be  of  service  in  directing  the  attention  of  other  investigators  to  the 
subject 

Numerous  observations  have  shown  us  that  blood  retained  for  any 
length  of  time  in  an  organ,  and  thus  prevented  from  meeting  with  a 
due  supply  of  oxygen,  becomes  poorer  instead  of  richer  in  fibrin; 
whereas  there  is  undoubted  evidence  that  in  inflammation  the  fibrin 
is  increased.    Moreover,  blood  impeded  in  the  course  of  the  circula- 

20* 
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tion  becomes  darker^  (a  sign  that  there  is  not  a  due  supply  of  oxy- 
gen,) while  blood  in  inflammation  is  generally  brighter  than  in  the 
normal  state.  The  solid  constituents  of  inflamed  blood  are  certainly 
diminished,  but  the  increased  amount  of  fibrin  renders  it  more  plastic; 
so  that  we  are  not  Justifled  in  comparing  it  (as  Magendie  has  done) 
with  blood  in  which  the  capacity  of  coagulation  has  been  lessened  by 
water,  or  alkaline  carbonates,  and  which  produced  in  the  various  or- 

Sans,  symptoms  resembling  those  of  inflammation.  This  deflbrinated 
lood  presents  characters  entirely  the  reverse  of  what  we  observe  in 
inflammatory  fluid,  and  resembles  the  condition  of  the  circulating 
blood  in  typhoid  fevers.  We  can,  1  think,  scarcely  doubt  that  the 
blood  in  an  inflamed  organ  difiers  in  its  composition  from  the  blood 
in  the  rest  of  the  body,  provided  we  can  assume  that  there  is  a  stag- 
nation of  the  blood  in  the  afiected  organ  during  the  whole  period  of 
inflammatory  action. 

Whether  the  blood  is  the  first  part  of  the  system  that  becomes  dis- 
eased, or  whether  it  becomes  modified  in  consequence  of  the  pathologi- 
cal condition  of  the  sufiering  organ,  is  a  question  not  easily  answered. 
This  much,  however,  is  certain,  that  whatever  be  the  inflamed  organ, 
the  blood  invariably  difiers  from  its  normal  condition  in  the  same  man- 
ner, although  with  varying  intensity.  If  we  direct  our  attention  to  the 
reaction  of  the  whole  organism  during  inflammation,  we  see  that  all  the 
organs  essential  to  the  well-being  of  the  blood  are  disturbed;  the  tem- 
perature of  the  whole  body  is  heightened ;  the  pulse  is  full,  hard,  tense, 
and  frequent;  the  urine  scanty  and  loaded.  Under  all  these  circum- 
stances we  must  expect  to  find  a  considerable  deviation  of  the  blood 
from  its  normal  condition. 

If,  in  this  general  reaction  of  the  whole  system,  which  corresponds 
with  a  heightened  amount  of  vitality  in  the  blood,  a  more  rapid  cir- 
culation is  induced,  we  shall,  without  much  difiiculty,  be  enabled  to 
give  a  sufiicient  explanation  of  the  manner  in  which  the  peculiar 
changes  already  adverted  to,  are  brought  about 

The  vital  activity  of  the  blood  is  heightened,  and  its  metamorpho- 
sis hastened,  by  an  increased  rapidity  of  the  circulation;  it  remains, 
then,  for  us  to  consider  what  efiect  an  accelerated  metamorphosis  will 
have  on  the  composition  of  the  blood. 

The  metamorphosis  of  the  plasma  during  the  process  of  nutrition 
in  the  peripheral  system  will  not  necessarily  be  increased  by  an  ac- 
celerated circulation;  since  (as  I  have  endeavoured  to  show,  in  page 
188,)  the  plasma  remains  virtually  passive,  and  is  only  changed  by 
the  cells  of  the  organs,  through  which  it  passes,  possessing  the  inhe- 
rent power  of  abstracting  and  appropriating  from  it  the  substances 
requisite  for  their  nourishment.  It  is  diflerent,  however,  with  the 
active  metamorphosis  of  the  blood,  in  which  the  corpuscles  are 
changed  at  the  expense  of  the  plasma.  If  the  general  circulation  be 
hastened,  the  blood  will  be  urged  more  frequently  through  the 
lungs  and  other  organs  that  exert  a  modifying  influence  on  its  com- 
position. 
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Hence  the  blood  (passing  more  frequently  through  the  lungs)  gives 
off  a  larger  amount  of  carbon  in  the  form  of  carbonic  acid  than  in 
the  normal  condition.  If,  as  I  have  endeavoured  to  show  (pp.  133 
and  183,)  the  blood-corpuscles  take  an  essential  part  in  the  respirato- 
ry process,  and  their  vital  activity,  evolution,  and  revolution  are  only 
carried  on  with  the  co-operative  agency  of  the  atmospheric  origin, 
then,  in  proportion  to  this  increased  co-operation,  will  their  deve- 
lopment be  hastened,  their  vitality  heightened,  and  more  corpuscles 
be  consumed  than  in  the  normal  state. 

Two  important  conclusions  may  be  drawn  from  my  theory,  re- 
garding the  production  of  fibrin  from  the  blood-corpuscles,  viz.  that 
the  amount  of  fibrin  is  increased,  and  of  blood-corpuscles  diminished. 
This  is  the  more  striking,  since  the  increase  of  fibrin  during  the  de- 
velopment of  the  corpuscles  does  not  keep  pace  with  its  consump- 
tion in  the  act  of  peripheral  nutrition,  and  since  the  supply  of  blood- 
corpuscles  afforded  by  the  chyle  cannot  be  proportionate  with  the  di- 
minution produced  by  the  accelerated  circulation.^ 

Hence,  if  we  only  assume  that  the  circulation  is  increased  by  the 
reaction  of  the  organism  in  inflammatory  affections,  an  explanation  is 
at  once  afforded  us  of  the  change  that  occurs  in  the  composition  of 
the  blood  in  hyperinosis,  and  at  the  same  time  of  its  heightened  tem- 
perature. We  do  not,  however,  mean  to  imply  that  the  increased 
circulation  is  the  sole  cause  of  the  change  in  the  blood,  for  it  can 
hardly  be  denied  that  the  nerves  exert  an  influence  on  its  constitu- 
tion; moreover,  as  we  have  already  shown^  venesection  modifies  its 
characters. 

SECOND  FORM  OF  DISEASED  BLOOD.*  H7PIN0SIS.' 

I  have  shown,  in  speaking  of  hyperinosis  sanguinis  what  striking 
changes  in  the  blood  are  due  to  the  excessive  accumulation  of  fibrin, 
and  a  corresponding  diminution  of  blood-corpuscles.  These  diffe- 
rences are  easily  seen,  because  it  is  usually  necessary  that  blood  should 
be  taken  at  a  period  when  these  changes  are  most  obvious.  In  hy- 
pinosis  sanguinis  the  case  is  different:  in  many  diseases  of  this  nature 
it  is  not  customary  to  abstract  blood  at  all,  or  at  any  rate  only  when 
an  inflammatory  affection  is  also  present  Its  distinctive  characters 
are  therefore  seldom  so  decidedly  marked  as  in  the  former  case,  and, 
in  point  of  fact,  less  is  known  regarding  this  form  of  diseased  blood. 

Chemical  characters  of  the  blood. 

The  quantity  of  fibrin  is  frequently  less  than  in  healthy  blood,  or 
if  it  amounts  to  the  normal  quantity,  its  proportion  to  the  blood-cor- 

1  It  has  boeo  niggiosted  that  blood  in  which  there  is  an  excess  of  fibrin  inereai^es  the  energy 
of  the  hea]t*s  action,  while  blood  deficient  in  fibrin  diminishes  it.  The  rapid  circulation  of 
the  Mood  in  inflammations  and  its  torpid  condition  in  certain  typhoid  aflections  seems  in  &vour 
of  this  view. 

>  Formed  firam  ino  and  i;,  itosy  the  fibre  of  flesh. 
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puscles  is  less  than  is  found  in  a  state  of  health  (2*1 :  110  Simofiy  or 
3:  110  Lecanu;)  the  quantity  of  corpuscles  is  either  absolutely  in- 
creased, or  their  proportion  to  the  fibrin  is  lareer  than  in  healthy 
blood:  the  quantity  of  solid  constituents  is  also  ^equently  larger  than 
in  the  normal  fluid. 

Physical  characters  of  the  blood. 

The  clot  is  most  commonly  large  (but  sometimes  small,)  soft,  dif- 
fluent, and  of  a  dark,  almost  black  red  colour:  occasionally  no  clot  is 
formed.  The  bufiy  coat  is  seldom  seen,  and  when  it  does  occur  it  is 
thin  and  soft,  or  forms  a  gelatinous  parti-coloured  deposit  on  the  clot 
The  serum  is  sometimes  of  a  deep  yellow  tinge,  from  the  colouring 
matter  of  the  bile,  or  red,  from  blood-corpuscles  in  suspension;  the 
blood  has  always  an  alkaline  reaction. 

From  the  numerous  analyses  of  Andral  and  Gavarret,  and  from 
the  observations  of  others,  it  appears  that  the  blood  occurs  in  a  state 
of  hypinosis  in  fever;  if,  however,  the  reaction  assumes  the  synochal 
type,  or  if  inflammation  of  the  respiratory  or  other  organs  supervene, 
then  the  fibrin  will  increase  in  a  corresponding  degree,  and  the  blood- 
corpuscles  decrease,  so  that  the  blood  will  approximate  in  its  consti- 
tution to  the  normal  standard,  or  even  partially  assume  the  characters 
of  hyperinosis. 


a. 


Typhus  abdominalis. 


The  blood  in  this  disease  exhibits  the  characters  of  hypinosis  per- 
haps more  distinctly  than  in  any  other  afiection :  but  the  statements 
regarding  its  qualitative  and  quantitative  composition  are  still  very 
contradictory,  arising,  probably,  in  part,  from  its  varying  in  diflFe- 
rent  stages  of  typhus:  thus,  in  the  period  of  excitement,  it  may  in- 
cline towards  a  state  of  hyperinosis;  in  the  stage  of  depression,  the 
fibrin  gradually  decreases;  and  lastly,  in  the  stage  of  collapse,  the 
quantity  of  blood-corpuscles  and  of  solid  constituents  decreases  so  re- 
markably, that  in  the  case  of  putrid  abdominal  typhus  the  blood  (in 
consequence  of  the  liquor  sanguinis  being  too  watery,  and  deficient 
in  salts)  assumes  the  state  of  spansemia.  The  same  appears  to  occur 
in  petechial  typhus. 

One  source  of  difierence  is  therefore  evidently  dependent  upon 
the  sta^e  of  the  disease  at  which  the  blood  is  taken :  the  presence  of 
any  inflammatory  symptoms  will  also  modify  its  constitution.     ' 

The  blood  in  typhus  is  found  to  be  very  deficient  in  fibrin,  and 
frequently  also  in  albumen:  it  coagulates  imperfectly,  and  often  re- 
mains in  a  semi-fluid  state:  the  clot  is  soft,  friable,  of  a  very  dark,  al- 
most black  red  colour,  and  is  very  rarely  covered  with  a  bufiy  coat: 
this  form  of  blood  becomes  putrid  sooner  than  the  healthy  fluid. 

I  have  made  two  analyses  of  the  blood  in  rather  mild  forms  of  the 
disease.  The  results  do  not  by  any  means  give  a  good  idea  of  hy- 
pinosis sanguinis. 
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Analyris  29.  Analysis  30. 

Water 816-875  79i2-340 

Solid  rendue 183-125  2b7-6()0 

Fibrin 2'525  2-010 

Fat 2-233  2-200 

Albumen 90-650  80-330 

Globulin 75-205  99-510 

Haxnatin 3-985  5-300 

Extractive  matten  and  nltB    ....           9-678  12-670 

.'  The  disease  diagnosed  in  both  instances  (which  occurred  in  our 
hospital)  was  dothinenteritis. 

In  both  cases  venesection  was  ordered  at  an  early  stage  of  the  dis- 
ease, when  there  was  a  good  deal  of  vascular  excitement  present, 
which  may  account  for  the  partial  decrease  of  the  fibrin  and  increase 
of  the  corpuscles. 

The  blood  in  analysis  29  was  taken  from  a  man  30  years  of  age; 
the  tongue  was  furred,  abdomen  tender  on  pressure,  mind  tolerably 
clear;  pulse  rather  full,  95  in  the  minute. 

The  blood  in  analysis  30  was  taken  from  a  man  38  years  of  age ; 
in  whom  there  was  a  good  deal  of  nervous  excitement,  giddiness, 
and  buzzing  of  the  ears;  the  abdomen  was  tender  on  being  pressed, 
the  tongue  thickly  coated,  and  the  pulse  quick,  rather  hard  and  full. 
Both  cases  turned  out  favourably.^ 

The  most  comprehensive  researches  on  the  blood  in  typhoid  fever 
(fiivres  typhoides*)  are  those  of  Andral  and  Gavarret,  who  made  50 
analyses  of  blood  taken  from  20  persons  suffering  under  this  affection. 

The  following  are  their  principal  results: 

The  fibrin  never  rises  perceptibly  above  the  normal  standard  in 
true  typhoid  fever.  It  often  remains  at  the  normal  height,  and  is 
still  more  frequently  below  it 

In  inflammatory  disorders  it  is  pretty  clear  that  the  fibrin  in- 
creases with  the  intensity  of  the  disease;  here  we  observe  just  the  re- 
verse: the  fibrin  decreases  in  proportion  to  the  advancement  of  the 
disorder. 

Andral  and  Gavarret  observe  that  this  cannot  be  ascribed  to  the 
repeated  bleedings,  or  to  the  continual  low  diet,  for  these  circum- 
stances induce  no  change  in  the  amount  of  fibrin  in  other  diseases. 
As  soon,  however,  as  any  symptoms  of  convalescence  appear,  the 
fibrin  begins  to  increase,  even  before  the  organization  could  contri- 
bute a  supply  by  increased  nutriment  This  continues  to  be  the  case 
during  the  progress  of  convalescence,  and  as  the  patient  improves  the 
corpuscles  simultaneously  decrease. 

In  inflammatory  diseases  we  observed  a  general  tendency  to  di- 
minution in  the  corpuscles:  here  we  have  just  the  reverse,  for  the 
more  frequently  we  analyze  blood  soon  after  the  outbreak  of'  the 

'  pn  an  analyaa  of  the  Mood  in  typhus  abdominalis,  nuide  subsequently  to  the  publication 
of  his  Chemistiy,  Simon  ibund,  water  887-5,  solid  constituents  112*5,  fibrin  none,  albumen 
54,  bsmato-glolNilin  47-25.] 

•  Fi6vre  cootinoe  qui  leconnait  pour  caract^re  anatomique  rinflammation  cxanth^mateuae, 
puis  ulo^reuse,  dea  fcBicuiea  intestinauz.    (Andral.) 
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disease,  the  more  frequently  shall  we  find  instances  in  which  the 
corpuscles,  instead  of  being  diminished,  are  considerably  increased, 
and,  even  in  the  more  advanced  stages,  the  amount  of  the  corpuscles 
is  frequently  found  to  exceed,  or  at  any  rate  to  equal,  the  normal 
quantity. 

The  absolute  increase  of  the  corpuscles  is  not,  however,  so  decided 
as  the  increase  of  the  fibrin  in  inflammatory  diseases;  neither  is  it  so 
essential  a  condition  for  the  existence  of  the  disease,  for  even  in  those 
cases  in  which  the  amount  is  much  increased  at  the  commencement 
of  the  disorder,  it  may  become  diminished  during  its  course,  and 
even  when  it  is  getting  more  severe.  However,  when  the  absolute 
quantity  of  the  corpuscles  is  diminished,  its  proportion  to  tlie  fibrin 
is  still  greater  than  is  ever  observed  in  the  normal  state. 

The  leading  characteristic  of  the  blood  in  this  disease  is  the  de- 
crease of  the  fibrin,  which  diminishes  in  proportion  to  the  violence 
of  the  attack,  and  from  which  another  character  is  derived,  namely, 
the  increased  amount  of  corpuscles.  During  the  early  period  the  di- 
minution of  the  fibrin  is  not  absolute;  it  is  only  relative  in  relation 
to  the  corpuscles;  but  as  the  disease  approaches  its  height,  the  dimi- 
nution becomes  absolute. 

Researches  instituted  in  mild  cases  may  give  perfectly  negative 
results. 

Their  maximum  of  fibrin  was  3'7;  their  mimimum  *9.  It  is  true 
that  in  one  case  they  found  4-2  of  fibrin,  but  the  blood  was  taken 
during  convalescence. 

The  maxima,  minima,  and  average  results  of  41  analyses  are  given 
in  the  following  table: 

Solid  rasMM 
Water.    Solid  retidne.    Fibrin.    Blood-eorpoKles.       oftoruai. 
Maximum      -        -        8G2-3        243-7  42  149^  96HI 

Minimum       -        -        756*3        137*7  0*9  66-7  66-6 

Average         -        -        7960        204*0  2^  116*0  77-9 

Healttiy  blood         -        790*0        210O  3*0  127*0  80O 

This  average  of  41  analyses  (I  have  omitted  some,  as  giving  no 
definitively  clear  result)  does  not  give  the  general  characters  of  the 
blood,  as  it  is  expressed  in  the  majority  of  the  analyses.  The  amount 
of  fibrin  is  certainly  less  than  in  healthy  blood,  but  the  corpuscles  do 
not  attain  to  their  normal  height  If,  however,  the  fibrin  is  esti- 
mated at  3*0,  the  proportion  of  the  corpuscles  is  134,  which  is  higher 
than  in  healthy  blood. 

The  quantity  of  the  residue  of  the  serum,  and  of  solid  constituents 
generally,  approximates  closely  to  the  normal  standard. 

The  inorganic  constituents  of  the  residue  of  the  serum  amount,  on 
an  average,  to  7-65^,  which  is  very  little  lower  than  the  corresponding 
number  in  erysipelas  or  rheumatism. 

Reid  Clanny  states,  however,  that  the  quantity  of  salts  is  materi- 
ally diminished  in  typhoid  blood. 

The  following  table  contains  the  numerical  results  of  Andral  and 
Gavarret's  researches  on  the  blood  in  typhoid  fever.     In  order  to 
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make  the  proportion  of  the  corpuscles  to  the  fibrin  more  striking,  I 
have  given  not  merely  the  numbers  obtained  from  the  analyses,  hut 
the  relative  numbers  on  the  assumption  that  the  fibrin  is  constantly 
represented  by  3. 


VenewcUon. 


lgtCue< 


ad 

3d 

4th 


5lh 


6lh 


7tfa 


Date  of 
attack. 

5 

7 

8 

10 

15 

t 

• 

5 

7 

9 
12 

8 
10 
11 
14 

9 
10 
12 
15 
33 

9 
10 
12 
17 
24 


Water. 

769-7 

78&2 

798-6 

827-4 

819-7 

75yj 

766-5 

777-6 

782-1 

767-6 

777-3 

782-4 

791-7 

769« 

784-7 

804*3 

831-1 

845-5 

810-3 

816-2 

825-6 

d3&8 

847-6 


Solid 
conatitaentc. 

243-7 

230-3 

214*8 

201-4 

272-6 

180*3 

247*1 

233-5 

222-4 

217-9 

232^ 

222-7 

217*6 

208-3 

230-5 

215-3 

195-7 

168-9 

154-5 

189-7 

183-8 

174-4 

163-2 

152-2 


Fibrin. 

2-3 

2-1 

1*8 

1*3 

1-0 

0-9 

2-4 

!^5 

3-7 

3-6 

5K) 

5*4 

5-0 

4-0 

3-6 

2-9 

2-3 

1-9 

37 

3-4 

3-5 

2-3 

1*7 

2-1 


Blood- 
corpafdefl. 

145-3 

135*8 

126-2 

116-2 

91*7 

93-1 

146*7 

143-6 

136-2 

134*5 

139-3 

129-7 

127-1 

123-6 

1496 

125-3 

123^7 

103K) 

79*6 

1024 

105O 

93-9 

86*3 

760 


Blood- 
corpuKlea. 

180H) 

193K)    ^ 

210K) 

268K) 

273-0 

31  OH) 

183-0 

172-0 

llOK) 

1120 

830 

72-0 

760 

920 
1240 
1290 
1610 
1630 

640 

90-0 

90O 
1220 
1520 
108O 


Rrtidue 
of  serum. 

96-1 
92*4 
86-6 
83-9 
790 
86-3 
960 
87*4 
8S^5 
79« 
88*1 
87*6 
85-5 
80-7 
77-3 
87-1 
69-7 
640 
71-2 
830 
79« 
7&2 
7&2 
74*6 


From  these  two  columns  of  the  blood-corpuscles  we  see  that  the 
decrease  of  the  fibrin  is  almost  always  connected  with  the  increase  of 
the  corpuscles,  so  that  the  proportion  between  the  two  gradually  dif- 
fers more  and  more  from  the  normal  mixture. 

The  exceptions  to  this  rule  are  caused  either  by  some  inflammatory 
complication,  as  in  the  fifth  case,  where  an  acute  attack  of  bronchitis 
accompanied  the  fever,  or  by  the  patient  being  in  a  state  of  conva- 
lescence as  in  the  fiftli  analysis,  in  cases  6  and  7. 

Andral  and  Gavarret  offer  no  explanation  of  the  peculiarities  in 
the  fourth  case. 

The  solid  constituents  of  the  blood  are  more  frequently  above  than 
below  the  normal  standard,  but  the  proportion  is  a  fluctuating  one, 
and  dependent,  as  we  shall  presently  see,  on  the  progress  of  the  dis- 
ease. 

Lecanu  has  analyzed  the  blood  of  two  persons  suffering  from  ty- 
phoid fever.  As  he  did  not  determine  the  amount  of  fibrin,  the  pro- 
portion of  that  constituent  to  the  corpuscles  cannot  be  shown.  Their 
absolute  quantity  is  less  than  in  normal  blood.  Lecanu  also  states, 
that  he  thinks  that  a  paucity  of  corpuscles  may  be  inferred  from  the 
smallness  and  friability  of  the  clot,^  a  statement  at  variance  witli  the 
researches  of  Andral  and  Gavarret 


<  1  may  take  tbii  opportunity  of  aaying  a  few  wocds  ngaiding  Uie  poM&Uity  of  drawing  a 
ooifMt  inJerenoe  reipeodng  the  amount  <»  fibrin  and  of  coipuicles  fiom  the  ciot.    We  are 
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Lecanu  also  found  a  diminution  of  the  solid  constituents  gene- 
rally:— 

Water      ....  80&20  TS&fiS 

Solid  residoe     -        -        -  194-60  204-90 

Biood<orpi]flclM        •        -  ll&OO  lO&OO 

Reodue  offlerum       -        •  79O0  9&19 

Chomel  does  not  consider  that  the  diminution  of  fibrin  is  a  specific 
character  of  the  blood  in  typhoid  fever,  because  he  found  that  in  6 
out  of  30  cases  the  blood  formed  a  solid  clot,  covered  with  a  bufiy 
coat,  but  difiering  in  thickness  and  colour  from  the  inflammatory 
clot;  while  in  2  cases  there  was  a  slight  film,  beneath  which  the  clot 
was  diffluent,  in  2  the  blood  remained  perfectly  fluid  and  slightly 
lumpy,  and  in  20  the  blood  formed  a  firm  clot,  but  no  bufiy  coat 

The  blood  in  all  these  cases  was  taken  during  the  first  or  the  com- 
mencement of  the  second  stage,  never  in  the  third.  The  peculiarities 
in  Chomel's  statement  may  be  partly  due  to  the  blood  being  taken 
at  a  period  before  the  fever  had  reached  its  height,  partly  to  the  as- 
sociation of  some  inflammatory  symptom,  or  to  a  more  synochal  tjrpe 
of  the  disease. 

According  to  Jennings,^  the  blood  in  the  first  stage  of  typhoid 
fever  (depression)  is  generally  thick  and  dark;  it  coagulates  rapidly 
and  forms  a  soft,  large,  dark-coloured  clot.  In  the  second  stage  (ex- 
citement) it  flows  readily,  is  of  a  scarlet  colour,  does  not  coagulate, 
so  quickly  as,  and  forms  a  more  solid  clot  than  the  former.  It  is 
also  occasionally  covered  with  a  slight  bufiy  coat  In  the  third  stage 
(collapse)  it  flows  very  readily,  is  £in,  watery,  and  of  a  dark  colour: 
the  clot  is  loose  and  flocculent,  and  occasionally  appears  more  as  a 
sediment  of  colouring  matter  than  as  a  clot  In  thoroughly  deve- 
loped typhus.  Dr.  Armstrong  found  the  blood  of  the  temporal  artery 
as  dark  as  that  of  the  vein.  Dr.  Clanny  also  states  that  the  watery 
portion  of  the  blood  increases  with  the  intensity  of  the  disease,  and 
that  not  merely  the  solid  constituents  generally,  but  also  the  salts  and 
carbonic  acid  are  diminished.  The  water  begins  to  decrease,  and 
the  solid  constituents  to  increase  in  favourable  cases  after  12  or  18 

justified  in  aasuming  the  existence  of  a  great  quantiW  of  fibrin  fiom  a  laige  and  veiy  fiim  dot, 
and  a  small  amount  fitnn  a  small  diffluent  clot.  We  cannot,  however,  with  the  same  aocih 
racy,  draw  similar  inferences  respecting  the  amount  of  corpuscles.  On  receiving  the  blood  of 
a  cachectic  horse  into  a  high  cyhndiical  g^aas  and  into  a  diallow  'vessel,  a  large  and  ^rety&m 
dot  generally  forms  in  the  latter  (unless,  as  is  sometimes  the  case,  the  blood-coipusdes  sink 
during  coagulation,)  and  little  serum  is  expressed ;  whfle,  in  the  other  vessel,  two  diatiiict 
Layers  are  observed,  a  large  one,  consisting  of  firmly  coagulated  fibrin,  containing  serum,  be- 
low which  there  is  a  mudi  smaller  layer,  consisting  of  semifluid  bkod-corpusdes.  As  the 
albumen  enclosed  in  the  coagulated  fibnn  in  the  high  g^ass  fimns  a  veiy  solid  mass  reaemfaliBg 
a  pseudopolypus  or  bu%  coat,  we  see  that,  independ^tly  of  the  oor|Kiflcles,  a  very  firm  dot 
may  be  formed;  indeed,  in  inflammatoiy  blood,  mis  is  often  obaerved  to  a  greater  or  leaser  de- 
gree. There  may,  consequently,  be  as  maiw  blood-corpusdes  in  a  small  and  loose  dot  ae  in  a 
larffB  and  firm  one;  moreover,  we  usually  mid  niunerous  oorpusdes  suspended  in  the  aeram 
and  depooted  at  the  bottom  of  the  vessel,  in  addition  to  those  contained  in  the  dot,  m  blood 
deficient  in  fibrin.  The  relative  amount  of  corpuscles  and  of  filnrin  in  dots  of  diflfarent  flB 
and  conostence  is  a  subject  wor^  of  investigation. 

1  Ck)urBe  of  Lectures  on  the  Fbysidogy  and  Pathology  of  the  blood,  by  H.  AnoelL    The 
Uooet,  1840,  p.  338.  -— <v 
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days.     According  to  Stevens,  the  salts  of  the  blood  (especially  the 
chloride  of  sodium)  are  diminished  in  all  typhoid  fevers. 

S3ecqtierel  and  Rodier  have  analyzed  the  blood  of  1 3  persons  at- 
ed  with  typhoid  fever,  1 1  men  and  2  women.  •  Of  the  1 1  men, 
6  were  bled  once,  4  twice,  and  1  thrice;  of  the  two  women,  1  was 
bled  once,  and  1  thrice. 

The  following  table  exhibits  the  mean  composition  of  the  blood 
of  the  male  patients^  obtained  at  the  first  venesection : 

Douilj  of  defibrinated  blood        ....  10544 

Douilj  of  aefQm 102&4 

Water 797-0 

Solid  raadue &03K) 

Fibrin ft3 

Fal    -       -       .       - 1«773 

Albimien 64-8 

Blood<orpoKlM 137*4 

matten  and  nlta          ....  6*3 


The  salts  consisted  of: 

Chloride  of  flodium ft9 

Odwr  aohibfe  aalta 2<> 

Phonhatos 0-497 

Iron 0-555 

The  fibrin  varied  considerably,  the  maximum  being  4*9,  while  in 
three  cases  it  was  considerably  below  the  normal  standard.  The 
albumen  and  blood-corpuscles  were,  in  most  instances,  diminished. 

Four  of  the  same  men  were  bled  a  second  time,  and  the  following 
table  gives  the  mean  results  of  the  blood  obtained  in  these  four  cases, 
on  both  occasions: 

l«t  VeDuection.       9d  Venesection. 

Densty  of  defibrinated  Uood  ....  1054-0  J05I-4 

Denriljr  of  amm 10S5H)  1094-7 

Water 801-0  814-5 

Solid  comtitQento 199-0  185-5 

Fibrin 2-3  1*3 

Fat 1-527  1-408 

AlbimiBn      - 644  G:^0 

Blood<oqiiMciea  i 124-5  113-5 

Extractive  matten  and  ttlte    ....  &0  7*3 

The  salts  consisted  of 

Cblaride  of  8o£iim 3-6  36 

Other  iohible  Kits »6  97 

Phoephatei 0^4  0456 

lii    T 0-581  0619 

A  comparison  of  the  two  columns  shows  that  the  blood  obtained 
by  the  second  venesection  contains  a  considerablv  smaller  mean 
amount  of  fibrin  than  the  blood  previously  taken.  The  albumen  and 
corpuscles  are  likewise  diminished. 

The  case  in  which  venesection  was  performed  three  times  ofiered 
00  peculiarity;  neither  did  the  analyses  of  the  blood  of  the  two 
women. 

In  all  these  analyses  the  clot  was  found  to  present  no  striking  pe- 
21 
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culiarity.    There  was  none  of  the  softness  and  diffluence  on  whieh 
the  older  writers  laid  so  much  stress. 

Scherer  has  analyzed  the  salts  of  the  blood  in  a  case  of  typhoid 
fever.  In  1000  parts  of  blood  there  were  176-3  of  solid  re- 
sidue, which  on  incineration  yielded  11*92  of  fixed  salts.  These 
consisted  of: 


Chloride  of  sodhnn 

&« 

Ctffaooaleortoda 

1-41 

SolplMleoftoda  • 

Wi 

PlMMphateoftoda 

0^ 

CaiboDateoflime 

(hie 

PbMphate  of  lime        -       . 
8nlpnrte  of  bme  •       •       • 

060 
0«i 

Peioixide  of  irao  •       • 

0^] 

p.  Febris  continua. 

1.  Prodromi/ebris  continua.  The  blood  exhibits  similar  changes 
in  the  progress  of  continued  fever,  as  in  tvphus.  Andral  and  6a- 
varret  have  carefully  analyzed  the  blood  in  this  disease,  and  give 
the  following  account  of  their  researches. 

They  made  nine  analyses  of  the  blood  of  six  persons.  The  fibrin 
did  not  exceed  the  normal  amount  in  any  instance,  (in  one,  however, 
it  amounted  to  3*2;)  in  three  cases  it  was  a  little  below  the  standard, 
but  exceeded  2;  in  two  cases  it  was  rather  less  than  2;  and  in  one 
case  as  low  as  1*6.  The  amount  of  blood-corpuscles  was  lower  in 
only  two  cases  than  in  normal  blood;  in  the  odiers  it  was  more  or 
less  increased,  and  in  the  blood  in  which  the  fibrin  amounted  to  only 
1*6,  the  corpuscles  amounted  to  157*7,  which,  if  the  fibrin  were  es- 
timated at  3,  would  give  the  enormous  amount  of  296.  We  have 
only  one  instance  in  typhoid  blood  of  so  high  a  proportion.  The 
amount  of  the  residue  of  the  serum  is  increased,  rather  than  dimi- 
nished, and  the  same  is  the  case  with  the  solid  constituents  of  the 
blood  ^nerally. 

Their  analyses  gave  the  following  results: 

Date  of  Blood-         BtiMm 


VeoMwetlo 

n. 

the  diwiM. 

Water. 

Solid  residue. 

Fibrin. 

corpiMetai. 

orMnii 

IfltCaw 

7 

766-2 

)<3>8 

»0 

14>6 

87Q 

2d     •* 

8 

769^ 

230-5 

1-8 

1364 

92-3 

3d     « 

8 

761-8 

238-7 

29 

14»7 

99-1 

4th    -^ 

15 

770'8 

229-2 

3^2 

137-9 

88-1 

{ 

ri 

78&6 

213-4 

23 

1254 

86-7 

5tbCMe< 

{2 

788-3 

2117 

22 

124-0 

8&5 

1 

i^ 

79(h8 

209-2 

21 

1234) 

841 

6th  Cto* 

\\ 

744-2 

25&8 

1-6 

157-7 

96« 

2 

7797 

220-3 

21 

129-3 

OAiQ 
OOr9 

The  inorganic  constituents  of  the  residue  of  the  serum  amounted 
on  an  average  to  7*5},  which  corresponds  with  the  proportion  in 
typhoid  fever. 

2.  Febris  continua.    Andral  and  Gavarret  nrnde  21  analyses  of 
^e  blood  of  11  persons  suffering  from  continued  fever.     They  di- 
vide their  analyses  into  two  series,  one  containing  the  results  ob- 
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tained  when  the  blood  was  taken  nearly  at  the  termination  of  the 
disease;  the  other,  when  certain  inflammatory  states,  as  for  instance 
ansina,  bronchitis,  erysipelas,  &c.,  had  supervened. 

These  researches  exhibit  less  of  the  characters  of  hypinosis  than 
those  instituted  on  the  blood  at  the  commencement  of  continued 
fever,  which,  in  the  first  series  may  be  due  to  the  circumstance  of 
the  disease  being  on  the  decline ;  and  in  the  second,  to  the  inflam- 
matory complication. 

In  both  series  the  fibrin  exceeds  the  normal  amount,  and  in  both, 
the  amount  of  corpuscles  is,  in  part,  also  below  the  standard. 

The  following  analyses  are  taken  from  the  first  of  these  tables: 

Blood*  Retidue 


VeiMMctlon. 

Dateofdiieaia. 

'  Water. 

Fibrin. 

eorpofde*. 

ofwrum. 

litC-eU 

4 

725-C 

3-3 

185-1 

86K) 

789-3 

3-3 

128-3 

79-1 

CI 

8 

»24*9 

3-2 

89'6 

89*4 

2d    <«    {2 

11 

833-7 

31 

77-a 

860 

f3 

17 

851-9 

4-2 

G2>4 

81-5 

The  blood  in  the  first  of  these  cases  was  taken  from  a  man  aged 
58  years.  The  amount  of  the  corpuscles,  especially  when  the  age 
of  the  patient  is  considered,  is  very  surprising;  it  is  the  highest 
amount  ever  found  by  Andral  and  Gavarret.  In  the  second  case, 
the  patient  was  at  the  same  time  suflering  from  chlorosis,  which  ac- 
counts for  the  small  number  of  corpuscles. 

The  second  table  does  not  give  very  clear  results,  on  account  of 
the  inflammatory  complications. 


Date  of 

Blood- 

Betidne 

Venesection. 

dJpea«e. 

Water. 

Fibrin. 

corpuKlef. 
114  7 

ofaerum. 

( 

ri 

9 

793-8 

4-3 

87-2 

lit  Cm  < 

\^ 

12 

801-9 

3-6 

109-8 

85K) 

( 

[3 

19 

810K) 

5K) 

95-9 

89*1 

2d    « 

1 

15 

758-9 

3S 

160-7 

7&6 

3d     " 

1 

20 

784-2 

2-6 

131-0 

83^ 

4th   « 

1 

804-8 

5-4 

94-1 

95-7 

( 

:i 

791-4 

3-1 

118H) 

86-9 

5th  "     . 

?2 

810-1 

4-0 

101*8 

83-1 

( 

f3 

824-3 

3-7 

86-9 

85-1 

In  the  first  of  these  cases  the  fever  was  complicated  with  a  rather 
severe  attack  of  angina.  In  the  third  analysis  in  this  case,  the  blood 
contained  a  large  quantity  of  fibrin  due  to  a  renewal  of  the  inflam- 
matory symptoms  in  a  rather  violent  form.  Slight  erysipelas  of  the 
face  was  present  in  the  second  case;  in  the  third  there  was  swelling 
and  redness  of  the  tonsils;  in  the  fourth  the  fever  was  complicated 
with  acute  bronchitis;  in  the  fifth  the  blood  was  taken  from  a  woman 
three  months  after  delivery:  at  the  period  of  the  second  venesection, 
some  slight  symptoms  of  meningitis  had  appeared. 

Jennings^  has  analyzed  the  blood  of  a  girl  aged  14  years,  suflering 
from  continued  fever.     He  found  it  composed  of: 

Water        -        -        .        8560 
Solid  residue      -       -       1440 

*  Course  of  Lectures  on  the  Phyeiology  and  Pathology  of  the  Blood,  by  H.  AnoeD.  The 
Unoet,  1840,  p.  339. 
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Fibrin       • 

20 

Fat    .       -       - 

30 

37-0 

Blood-oorpmcki 
Extnctive  inatter 

910 
30 

Alkaline  nlta      - 

38 

Earthy  adts 

10 

[Becquerel  and  Rodier  have  analyzed  the  blood  of  3  men  and  2 
women  suffering  from  ordinary  continued  fever.  The  mean  com- 
position of  the  blood  of  the  3  men  is  given  in  the  following  table: 

Density  of  defibrinated  blood         -       -        -  10506 

Denfltyofaemm 10S&5 

Water 781-6 

Solid  constituenta 2184 

Fibrin          ..----.  26 

Fat IT 

Albumen C5r7 

Blood-corpuadea 1424 

Extractive  mattexB  and  aalta  ....  &8 

Here  we  see  that  the  fibrin  and  albumen  remain  nearly  normal, 
while  the  corpuscles,  instead  of  diminishing,  are  slightlv  above  the 
average  (their  numbers  being  146,  142,  and  138.)  The  fatty  matters 
and  salts  offered  no  peculiarity. 

They  give  the  following  particulars  regarding  the  blood  of  the  two 
female  patients. 

The  corpuscles  were  augmented  (135*5)  in  the  first  case;  normal 
(125-5)  in  the  second:  fibrin  normal  (1*9)  in  the  first;  doubled  (3-6) 
in  the  second:  albumen  normal  (73  and  70)  in  both.  The  serum 
was  turbid  in  both  cases.  In  the  case  in  which  the  corpuscles  were 
125,  the  clot  was  firm  and  resisting,  in  the  other  it  was  soft  and  dif- 
fluent] 


In  the  following  exanthemata,  which,  with  true  erysipelas,  con- 
stitute Schonlein's  family  of  Erysipelacea^  we  find  that  the  com- 
position of  the  blood  is  very  similar  to  what  it  is  in  continued  fever; 
the  characters  of  hypinosis  are  much  less  marked  than  in  the  typhoid 
form.  Some  analyses  give  negative  results,  while  in  others  the  ten- 
dency of  the  constitution  of  the  blood  is  more  towards  hyperinosis 
than  hypinosis. 

The  maximum  of  fibrin  amounts  to  only  4*4,  against  which  there 
is  a  minimum  of  1-1.  In  the  majority  of  cases  it  does  not  differ 
much  from  Lccanu's  normal  average  3. 

The  blood-corpuscles  are  increased  in  a  less  degree  in  variola  and 
varioloid,  than  in  scarlatina  and  rubeola. 

Variola  et  morb.  varioloid. 

The  blood  was  analyzed  by  Andral  and  Gavarret  in  5  cases  of  true 
variola  and  2  of  varioloid  disease. 

In  all  the  cases  of  variola  the  eruption  was  confluent     The  blood- 
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corpuscles  differed  but  little  from  their  Jiormal  standard,  but  the 
quantity  of  fibrin  varied  considerably,  although  the  increase  above 
the  normal  mean  was  only  small.  It  is  worthy  of  remark  that  the 
quantity  of  fibrin  appears  to  increase,  although  only  slightly,  by  re- 
peated bleeding ;  a  circumstance  which,  according  to  Andrd  and  6a- 
varret,  characterizes  the  phlogoses. 

This  may  be  due  to  the  inflammatory  state  of  the  skin  in  this  dis- 
ease, although  we  do  not  perceive  a  similar  occurrence  in  typhoid 
fever,  in  which  the  mucous  surface  of  the  intestine  is  in  a  somewhat 
similar  state. 

Their  analyses  gave  the  following  results: 

Veneteetion.  Water.  Fibrin.             BIood-cnrpoKtcfl.        Retidoe  orterum. 

CI  771*5  4-4  120«  103-5 

]8tCa8e<2  760-8  2-9  110-3  106-1 

3  820-2  3-2  94-6  820 

1  791-3  3-0  1I4-3  9W 

3  d03-9  3-2  92-6  100-3 

3  8118  30  88-4  96-8 

4  8173  3-3  87-0  92-4 

1  781-4  20  127-9  88-1 

2  7920  3-5  124-4  80-1 

1  7960  4-1  12^5  76-4 

2  792-7  20  124-9  80-4 


2d 


3d 
4th 


5di  «        1  805O  20  98  8  92-3 

The  residue  of  the  serum  contained  on  an  average  7*0^  of  inorganic 
constituents. 

In  the  first  case,  the  first  bleeding  was  ordered  at  the  commence- 
ment of  the  disease,  during  the  febrile  period ;  the  second  at  the  com- 
mencement, and  the  third  at  abodt  the  middle  of  the  eruptive  stage. 
In  the  second  case,  the  first  bleeding  was  ordered  some  days  before 
the  appearance  of  the  disease;  the  second  during  the  fever;  the  third 
on  the  third  day  of  the  eruption,  and  the  fourth  on  the  sixteenth  day 
of  the  eruption.  In  the  third  case,  the  first  bleeding  was  ordered  at 
the  commencement  of  the  eruption;  the  second  during  the  suppura- 
tive stage.  In  the  fourth  case,  both  venesections  were  prescribed 
during  the  height  of  the  eruption.  In  the  fifth  case  the  pustules 
were  filled  with  blood  (variole  hfemorragique :)  the  bleeding  was  or- 
dered when  the  eruption  was  at  its  height 

The  analyses  of  blood  in  varioloid  gave  the  following  results: 


Water. 

Fibrin. 

Blood -corpaKlef. 

Reiidue  of  eeram. 

7856 

23 

1203 

91-8 

7821 

24 

125-8 

89-7 

The  residue  of  the  serum  contained  7*6^  of  inorganic  matter  in  the 
second  analysis. 

In  the  first  instance  the  bleeding  was  performed  on  the  3d  day ; 
and  in  the  second  case  on  the  2d  day  of  the  eruption. 

Rubeola.     (Morbilli.) 

Andral  and  Gavarret  found  that  in  the  measles  the  fibrin  never 
exceeded,  nor  did  it  ever  fall  much  below  Lecanu's  average.     In 

21* 
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most  cases  the  corpuscles  were  above  the  normal  standard.    I  quote 
the  following  analyses  from  their  researches: 

Day  of 
Ven«Rctlon.        eniption. 
lit  Cttn    I  3 

2d    **       I  2 

3d    -        1  3 


4tfa 
5di 


{I 


2 


mood- 

BMidOC 

Water. 

Fibrio. 

corpu«cl€t. 

ofaenim. 

760^ 

2-6 

14&6 

90« 

766.9 

3K) 

140-9 

894 

781-6 

2<> 

137-1 

78-7 

786-7 

2-5 

137-5 

73-4 

796-8 

2-7 

131-6 

70-1 

798-1 

2^ 

]]8« 

86-9 

823-2 

3-4 

93-3 

80-1 

The  residue  of  the  serum  contained  on  an  average  8*4}  of  inorga- 
nic constituents,  which  was  one  of  the  highest  amounts  that  occurred 
in  the  course  of  their  researches. 

The  patient  in  case  3  had  also  been  bled  on  the  first  day  of  the 
eruption:  the  second  bleeding  in  case  4  was  performed  on  the  second 
day  ailer  the  disappearance  of  the  eruption. 

The  young  woman  from  whom  the  blood  in  case  5  was  taken, 
presented  so  strongly  the  general  appearances  of  anaemia  in  conse- 
quence of  excessive  menstruation,  that  the  amount  of  corpuscles, 
118-6,  may  be  regarded  as  very  high:  the  second  venesection  was 
performed  after  the  disappearance  of  the  eruption,  and  when  symp- 
toms of  tubercular  phthisis  were  very  apparent. 

Scarlatina. 

Andral  and  Gavarret  have  made  four  analyses  of  the  blood  of 
three  persons  suffering  from  scarlatina.  Two  of  these  analyses  de- 
cidedly indicate  the  character  of  nypinosis,  although  not  in  a  very 
marked  degree.  The  two  other  cases  present  differences  which  will 
be  presently  explained: 

Venefec  ion. 

latCanj^ 

2d    «        1 
3d    -        1 

The  first  bleeding  in  the  first  case  was  ordered  on  the  second  day 
of  the  eruption;  th^  second  during  convalescence.  At  this  period  a 
number  of  boils  had  appeared,  and  there  was  considerable  fever,  to 
which  two  circumstances  the  change  in  the  blood  is  attributable. 

The  bleeding  in  the  second  case  was  ordered  on  the  second  day 
of  the  eruption. 

Lecanu^  has  also  made  two  analyses  of  the  blood  in  this  disease, 
and  has  obtained  nearly  similar  results. 

Water 

Blood-coipasdes   - 
Residue  of  aeram 

The  quantity  of  fibrin  was  not  determined  by  Lecanu. 

1  Eludes  Chimiques,  etc,  p.  97. 


Witer. 

Fibrin. 

Blood-corputcles. 
14&0 

RetidoeofaeruiD. 

761-5 

3-1 

89-4 

782-6 

4-0 

124-3 

89-1 

776-3 

3-5 

136-1 

84-1 

798-3 

6-8 

1122 

82-7 

Blood  of  a  man 

Blood  of  a  man 

aged  35  years. 

aged  18  years. 

776-55 

77041 

144-55 

146-80 

78-90 

8279 
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Febris  intermiltens. 

From  the  analyses  made  by  Andral  and  Gavarret  of  the  blood  in 
this  disease,  we  are  led  to  conclude  that  instead  of  being  in  a  state 
of  hypinosis,  the  blood  exhibits  rather  a  tendency  towards  hyperi- 
nosis.  Andral  and  Gavarret  themselves  remark,  that  in  consequence 
of  the  absence  of  all  disturbance  in  the  normal  functions  of  the  organ- 
ism during  the  remission  of  the  febrile  symptoms,  it  might  be  con- 
cluded a  priori  that  no  peculiar  changes  would  be  exhibited  in  the 
blood. 

The  fibrin  rises  a  little  above  the  normal  average;  the  corpuscles, 
however,  with  the  exception  of  one  case  in  which  the  bleeding  was 
ordered  at  the  commencement  of  a  second  attack,  fall  below  the 
normal  proportion.  The  blood  in  most  of  these  cases  was,  how- 
ever, taken  from  persons  suffering  from  long  standing  tertian  or 
quotidian  fever. 

The  period  at  which  the  blood  was  taken,  whether  during  the  re- 
mission, the  hot  or  the  cold  stage,  seemed  to  exert  no  influence  on , 
the  composition  of  the  fluid. 

It  will  be  sufficient  to  give  the  maxima,  minima,  and  mean  of 
their  researches. 


Water. 

Solid  residue. 

Fibrin. 

Blood«corpaiclet. 

isr7-9 

Residue  of  serum. 

Maximum        -       847-9 

221*9 

3« 

91-0 

Minimam         -       778*1 

152-1 

3-0 

68*8 

71-6 

Mettiof7aiudy»i   81M 

188-6 

3-3 

104-3 

8U-0 

The  loss  of  a  considerable  quantity  of  blood  by  hemorrhage  must 
necessarily  influence  the  composition  of  the  blood  remaining  in  the 
system.  This  will  be  shown  (as  we  have  already  seen  in  the  Phlo- 
goses)  by  the  diminution  of  the  corpuscles,  and  in  most  cases  of  the 
nbrin  also. 

From  the  blood  taken  from  the  body  we  can  usually  draw  a  pretty 
safe  inference  regarding  the  composition  of  the  blood  remaining  in 
the  system;  a  thick  readily  coagulating  blood  usually  indicates  an 
abundance  of  the  circulating  fluid,  and  especially  a  considerable 
quantity  of  corpuscles  and  fibrin,  while  a  thin  non-coagulating  blood 
implies  a  deficiency  of  those  two  constituents. 

The  blood  does  not,  however,  exhibit  the  same  changes  of  compo- 
sition in  all  the  diseases  that  are  classed  as  hemorrhages.  On  the 
contrary,  it  has  been  shown  by  Andral  and  Gavarret  that  the  composi- 
tion of  the  blood  in  spontaneous  cerebral  hemorrhage  is  similar  to 
that  which  is  so  characteristic  in  typhoid  fever. 

Haemorrhagia  cerebralis. 

Andral  and  Gavarret  found  that  the  quantity  of  fibrin  in  the 
majority  of  cases  of  apoplexia  cerebralis,  and  of  the  cerebral  con- 
gestion known  as  the  forerunner  of  that  disease,  was  less  than  in 
healthy  blood;  the  amount  of  corpuscles  was,  however,  frequently 
absolutely  increased,  and,  excepting  in  a  few  cases,  was  larger,  in 


ofdiMue. 

residue. 

litCaie 

1 

790-9 

209-1 

2^ 

2d      •« 

il 

3 

6 

74W 
779^ 

257-7 
220-8 

1-9 
3-5 

ad     " 

^    — 

3 

770-8 

229-2 

2^ 

4th     « 

4 

791-8 

208-2 

3-9 

6th     « 

8 

80&9 

19S-1 

20 

6tfa     « 

. 

791-3 

208-7 

2-1 

7th     « 

5 

774-0 

22&0 

3^ 
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proportion  to  the  fibrin,  than  in  the  healthy  fluid.  These  solid  con- 
stituents were  generally  rather  increased;  circumstances  which  all 
correspond  with  a  state  of  hypinosis. 

These  points  are  most  strikingly  seen  in  certain  cases  of  sponta- 
neous cerebral  hemorrhage,  when,  for  instance,  in  correspondence 
with  the  small  amount  1'9  of  fibrin  no  less  than  175*5  of  corpuscles 
were  found. 

Andral  and  Gavarret  have  made  eight  analyses  of  the  blood  of  seven 
persons  suffering  from  this  affection.  Their  results  are  given  in  the 
following  table; — 

Period  flrom 

Veneiectloo.  commeneemeBt     Water.        Solid  Fibrin.         Blood*  Rettdne 

corpoedes.  ofaenim. 
1354>  71-0 

1756  80-3 

137-7  79« 

140<S  890 

12&5  77-6 

]20«  70-3 

122'4  84-9 

1234  994 

The  residue  of  the  serum  contained,  on  an  average,  7*9^  of  inor- 

Sanic  constituents,  which  shows  that  the  quantity  of  salts  is  not 
iminished. 

The  blood  in  the  first  case  was  taken  from  a  woman  aged  60  years, 
whose  feet  had  been  oBdematous  for  six  months,  in  consequence  of 
hypertrophy  of  the  heart 

The  second  case  was  that  of  a  woman  aged,  59  years,  who,  two 
days  before  the  bleeding,  had  a  severe  apoplectic  fit;  the  blood  exhi- 
bited decided  symptoms  of  hypinosis,  the  fibrin  being  diminished, 
and  the  corpuscles  and  (to  a  very  considerable  degree)  the  solid 
constituents  being  increased.  The  bleeding  was  repeated  three  days 
afterwards,  when  consciousness  had  returned,  and  at  this  period  the 
corpuscles  were  found  to  have  diminished  in  a  very  striking  degree, 
being  about  25^  less  than  on  the  former  occasion;  the  fibrin  in  the 
meantime  increased  in  a  still  more  rapid  proportion. 

Andral  and  Gavarret  observe,  in  regard  to  this  case,  that  the 
slight  cerebral  hemorrhage  is  not  sufficient  to  account  satisfactorily 
for  the  change  in  the  composition  of  the  blood  that  was  observed 
on  the  second  occasion;  moreover,  since  the  loss  of  blood  is  not 
always  necessarily  followed  by  a  diminution  of  fibrin,  it  may  be 
asked  whether  the  changed  composition  of  the  blood,  instead  of 
being  a  consequence,  may  not  have  been  a  cause  of  the  disease,  since 
blood  deficient  in  its  proper  quantity  of  fibrin  has  always  a  tendency 
to  escape  from  the  vessels.* 

The  change  in  the  composition  of  the  blood  is  proportional  to  the 

^  In  opposition  to  tiuB  view  it  may  be  stated  diat  blood  containing  uninjured  oaipuides 
cannot  be  efilised  unless  there  are  orifices  in  the  parietes  of&e  vessels,  and  it  is  questionafafe 
whether  blood  abounding  in  fibrin  can  escape  through  sudi  poxes  at  all,  while  Hood  deficMit 
in  that  constituent  can  pass  through  with  ftcflity.  The  aatf  oomtituent  that  can  pcnaaaite 
the  walls  of  uninjured  vessels  is  hsmato-globulin  dissolved  in  hquor  sanguinis;  and  tois  sola* 
tion  is  not  produced  by  a  diminution  in  the  amount  of  fibrin,  since  die  corpusdes  are  hnsoiuble 


BLOOD.  249 

violence  of  the  attack,  as  is  seen  in  the  third  case,  where  the  fibrin  is 
only  alightly  diminished,  although  the  corpuscles  are  considerably  in- 
creased. 

Consciousness  remained  in  the  fourth  and  fifth  cases.  The  in- 
crease of  the  fibrin,  while  the  corpuscles  remained  stationary,  is 
deserving  of  notice  in  the  former  of  these  cases.  In  the  sixth  case 
the  hemorrhage  had  occurred  three  weeks  before  the  venesection, 
and  was  followed  by  entire  hemiplegia  of  the  left  side.  In  the 
seventh  case  the  patient  had  previously  been  bled  on  the  third  day 
of  the  attack;  she  had  retained  her  consciousness. 

Andral  and  Gavarret  have  made  21  analyses  of  the  blood  of  15 
persons  sufierins  from  cerebral  congestion  (tlie  usual  prodromus  of 
spontaneous  cerebral  hemorrhage.)  Its  symptoms  are  mtense  head- 
ache, giddiness,  and  a  tendency  towards  epistaxis. 

In  Uie  majority  of  these  cases  the  fibrin  was  found  to  be  below  the 
normal  quantity.  It  twice  rose  to  3*7,  once  to  3*5,  and  once  to  3*2; 
in  all  the  other  cases  it  was  below  the  normal  amount,  and  it  occurred 
as  low  as  1*6. 

The  amount  of  blood-corpuscles  was  pretty  near  the  standard  ave- 
rage; in  two  instances  it  rose  to  152  and  154;  and  in  two  other  cases, 
(the  one  a  woman  of  weakly  condition,  and  the  other  a  person  under 
the  noxious  influence  of  lead,)  it  fell  to  88. 

I  shall  only  give  the  maxima,  minima,  and  mean  of  these  re- 
searches: 

Besidae 
Water.     Solid  conntimentf.        Fibrin.       Blood  corpaiclet.    ofienim. 
Muuffiom        -       890>3  259*8  3*7  152-3  104*8 

Miniiiiam         •        74(H2  179-7  1*6  88*3  76*4 

Mm       -       -       787*1  212*9  2*6  120-0  89-7 

Heddiy  blood  -       790*0  210K)  30  127*0  80*0 

The  residue  of  the  serum  Contained,  on  an  average,  7*9^  of  inor- 
ganic constituents,  the  same  amount  as  in  cerebral  hemorrnage. 

No  causes  can  be  assigned  with  any  degree  of  certainty  to  the  pe- 
culiar modification  of  the  blood  to  which  I  have  assigned  the  term 
hypinosis. 

The  composition  of  the  blood  in  hypinosis  is  essentially  the  re- 
verse of  that  in  hyperinosis.  The  amount  of  corpuscles  is  increased, 
that  of  fibrin  diminished,  and  the  solid  constituents  generally  are 
increased  rather  than  diminished;  while  in  the  phlogoses  they  are 
most  commonly  below  the  normal  standard.  We  have  seen  in  the 
previous  analyses  that  in  proportion  as  the  febrile  symptoms  assumed 
the  form  of  erethismus,  the  characters  of  hypinosis  became  less 
marked ;  and,  on  the  other  hand,  that  when  they  took  on  a  torpid 
type  these  characters  were  more  strikingly  developed. 

kk  defibiinalBd  nram,  provided  a  sufficient  amount  of  chloride  of  aodiom  be  contained  in  it. 
On  the  other  hand,  the  solubility  of  the  bsmato-dobuUn  in  the  li<)uor  sanguinis  and  its  coo- 
nqoent  propel^  ofescaping  through  the  walls  of&  vessels  may  ansefinom  an  absolute  decrease 
of  aslts  or  from  ml  increased  amount  of  water  in  the  blood.  In  the  analyses  quoted  in  the 
text  the  salts  wcse  not  diminished. 
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If  we  assume  that  the  circulation  of  the  Uood  is  accelerated  in  in* 
flammatory  fever,  we  may  regard  it  as  impeded  in  torpid  fever.  In 
the  one  case,  the  blood  abounding  in  fibrin  acts  as  an  increased  sti- 
mulus to  the  heart;  in  the  other,  the  heart  partially  loses  its  power 
of  action.  Its  contractions  succeed  each  other,  it  is  true,  with  in- 
creased rapidity,  but  the  blood-wave,  propelled  at  each  systole,  is  di- 
minished and  powerless,  and  the  pulse,  although  much  quickened,  is 
small  and  wiry. 

In  consequence  of  the  delay  thus  occasioned  in  the  motion  of  the 
general  mass  of  the  blood,  oxygen  cannot  act  so  efficiently  on  it  as 
in  the  normal  state  of  the  circulation,  and  consequently  the  blood 
does  not  possess  the  bright  red  colour  observed  in  inflammatory 
affections,  but  is  dark,  and  the  temperature,  instead  of  being  increased, 
is  often  diminished,  as  has  been  observed  by  Schdnlein,  in  tjrphus. 
Hence  the  metamorphosis  of  the  blood,  instead  of  being  accelerated, 
as  in  hyperinosis,  is  impeded,  and  consequently  the  rabo  of  the  cor^ 
puscles  to  the  albumen  is  reversed.  In  abdominal  typhus,  the  amount 
of  the  corpuscles  is  rendered  more  striking,  by  tfie  diminution  of 
albumen,  which  constituent  is  removed  from  the  blood  by  the  pro- 
fuse diarrhosa  that  accompaniea  this  disease. 

From  these  observations  it  is  very  probable  that  the  primary  cause 
of  this  modification  of  the  blood  may,  in  a  wreaX  measure,  be  referred 
to  the  impeded  circulation,  and  to  the  deficient  energy  of  the  heart's 
action,  which  may  be  regarded  as  indications  of  the  depressed  yitali^ 
of  the  blood  itself;  but  at  the  same  time  the  influence  of  the  nerves 
on  its  composition  and  on  the  circulation  (although  how  they  act  we 
know  not)  must  not  be  overlooked. 

Finally,  it  must  be  observed  that  the  state  of  hypinosis  is  npt  a 
permanent  one;  it  lasts  only  for  a  brief  period,  till  the  blood  eithtf 
begins  to  exhibit  more  vital  activity,  and  to  return  towards  its 
normal  condition;  or,  if  its  vitality  be  still  more  depressed,  till  it  a9> 
sumes  the  character  of  spanxmia.  The  preponderance  of  the  cor* 
puscles  is  not  absolute  (as  in  plethora,^)  out  merely  relative,  and  is 
due,  partly  to  their  hindered  consumption,  and  partly  (as  is  seen  in 
abdominal  typhus)  to  an  absolute  diminution  of  the  water  and  the 
albumen.  If  the  fever  assume  a  malignant  torpid  character,  the  hy- 
pinosis speedily  merges  into  spansemia. 

THIRD  FORM  OF  DISEASED  BLOOD  .*  SPAN£MIA.* 

The  chemical  and  physical  relations  of  the  blood  in  those  states 
in  which  it  is  deficient  in  solid  constituents,  and  especially  in  fibrin 
and  blood-corpuscles,  are  not  yet  accurately  known. 

We  have  less  frequent  opportunities  of  examining  this  condition 

<  [Beoquerel  and  Rodier  hai«  recently  ihomi  that  this  opmion  if  eironeous,  md  thaty  in 
plethora,  the  amount  of  the  blood  is  increased,  while  iti  campoakion  is  unaffected.] 

*  From  oi/ua,  bk)od,  and  cnraro^,  or  aTrovio;,  poor;  q|)ancmia,  poverty  of  the  Uood.  Wt 
prefer  this  term  to  anemia,  because  the  latter  is  used  to  represent  a  morbid  eonditioa  of  Ae 
blood  subordinate  to  qpanamia. 
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of  the  blood,  for  some  of  the  diseases  in  which  it  occurs  are  of  rare 
occurrence,  and  in  the  other  more  common  forms,  the  prudent  phy- 
neian  avoids  as  much  as  possible  increasing  by  venesection  the  gene- 
ral want  of  blood  in  the  system. 

Chemical  characiers  qf  the  bloocL 

The  amount  of  fibrin  and  of  corpuscles  is  diminished:  the  amount 
of  residue  of  serum  is  either  normal  or  diminished:  the  proportion 
of  water  b  higher  than  in  healthy  blood:  the  amount  of  salts  in  the 
aerum  is  sometimes  normal,  sometimes  diminished. 

Physical  characters  qfthe  blood. 

The  blood  is  very  fluid ;  it  is  sometimes  of  a  dark  or  even  violet, 
and  sometimes  of  a  bright  colour;  it  usually  coagulates  imperfectly, 
sometimes  not  at  all.  The  clot  is  small,  soft,  diffluent,  and  neither 
eovered  with  a  true  nor  false  huffy  coat  The  serum  is  generally  of 
t  bright  yellow  colour,  but  sometimes  of  a  dark  yellow  or  even 
red  tint  The  specific  gravity  of  the  blood  is  considerably  dimi- 
nished. 

This  form  of  diseased  blood  appears  capable  of  being  subdivided 
into  two  classes:  one  embracing  diseases  primarily  dependent  upon 
the  chylopoietic  viscera,  such  as  are  due  to  bad  food,  deficient  and 
improper  formation  of  chyle,  atmospheric  influences,  protracted  action 
of  poisonous  mineral  agents  (lead,  mercury  and  its  compounds,  chlo- 
rine,  iodine,  &c.;)  and  finally  to  inordinate  consumption  of  the  blood 
through  a  deficiency  of  the  animal  fluids. 

The  corpuscles,  which,  as  we  have  seen,  are  of  the  utmost  impor- 
tance in  the  blood,  are  either  not  produced  in  sufficient  quantity,  or 
are  consumed  in  a  quicker  proportion  than  they  are  reproduced. 
The  liquor  sanguinis,  although  poor  in  fibrin,  may  yet  contain  a 
sufficient  quantity  of  albumen  and  salts  to  prevent  the  relatively  in- 
creased quantity  of  water  from  dissolving  the  corpuscles. 

All  the  diseases  arranged  by  Schdnlein  under  the  family  cyanoses 
belong  to  this  subdivision. 

The  other  subdivision  embraces  certain  diseases  characterized  by 
the  peculiar  composition  of  the  blood,  but  in  which  the  primary 
causes  of  its  change  of  composition  are  quite  distinct  from  those 
which  act  in  the  cyanoses,  and  are  probably  dependent  upon  the 
central  nervous  system.  A  peculiar  state  of  the  atmosphere  (most 
likely  due  to  certain  changes  in  its  chemical  composition,)  protracted 
wars,  the  effluvia  of  decaying  animal  matter,  &c.,  are  assigned  as  the 
external  causes  of  the  production  of  these  disorders,  the  principal  of 
which  are  abdominal  typhus,  petechial  typhus,  the  yellow  fever,  and 
the  plague. 

In  the  cyanoses,  as  also  in  the  malignant  (putrid)  form  of  typhus, 
passive  hemorrhages  are  by  no  means  rare. 

It  has  been  asserted  that  the  deficiency  of  fibrin  and  of  corpuscles 


259  CIRCULATIHO  FLUIDS. 

renders  the  blood  liable  to  exude  through  the  walls  of  the  Tessebi 
It  is  clear,  however,  that  the  colouring  matter  cannot  escape  through 
the  walls  of  the  capillaries,  unless  sucn  a  change  occurs  as  to  render 
the  hsBmato-globulin  soluble  in  the  liquor  sanguinis,  since  perfect 
corpuscles  are  not  capable  of  passing  through  the  uninjured  walls  of 
the  vascular  system.  As  the  blood  which  is  discharged  by  the  epis- 
taxis  in  the  morbus  macuhsus  Werlhofii  (as  well  as  menstrual 
blood)  contains  corpuscles,  the  walls  of  the  vessels  must  be  imper- 
fectly closed.  Such  a  form  of  blood  appears  to  occur  in  the  putrid 
form  of  abdominal  or  petechial  typhus.  The  haemato-globulm  be- 
comes  soluble  in  the  liquor  sanguinis,  in  consequence  of  a  deficiency 
in  the  due  proportion  of  salts,  and  an  excess  of  water;  in  this  case 
we  may  therefore  speak  of  a  red,  bloody  transudation. 

L  CTANOSKS. 

Anmmia  and  hydrmmia. 

The  blood  in  ansemia  is  essentially  diflerent  from  the  normal  com- 
position. If  the  anaemia  has  arisen  from  excessive  loss  of  blood,  we 
mav  fairly  assume  that  the  total  mass  of  that  fluid  has  diminished. 
This,  in  fact,  constitutes  true  anaemia.  The  composition  is,  however, 
also  changed;  it  is  poor  in  corpuscles  and  in  fibrin,  because  these 
constituents  are  not  so  easily  supplied  as  the  albumen,  which  may  be 
obtained  at  once  from  the  lymphatics.  The  quantity  of  the  solid 
constituents  is  also  found  to  be  diminished,  if  the  quantity  of  the  cor- 
puscles is  (either  absolutely  or  relatively)  decreased:  the  quantitv  of 
water  is,  therefore,  increased,  which  induces  the  state  of  the  blood 
known  as  hydraemia.  Anaemia  and  hydremia  cannot  be  well  sepa- 
rated, as  a  decrease  in  the  solid  constituents  is  usually  produced  oy- 
every  loss  of  blood. 

If  the  anaemia  is  caused  by  abnormal  or  deficient  chylificatioDi  the 
proper  quantity  of  liquor  sanguinis  may  be  present,  while  the  cor- 
puscles and  fibrin  are  diminished:  in  this  case,  also,  the  absolute 
quantity  of  solid  constituents  is  lessened. 

The  decrease  of  the  solid  constituents  will  probably  attain  ils 
maximum  under  the  cembined  influencas  of  an  unhealthy  humid 
atmosphere,  and  improper,  unsuitable  nourishment.  Under  these 
circumstances  the  blood  will  i*esemble  a  viscid  lieht-coloured  watery 
fluid.  *  ' 

I  have  not  analyzed  the  blood  in  any  cases  of  anaemia,  but,  it  ii 
usually  described  as  clear,  watery,  and  viscid.  The  clot,  if  it  forms 
at  all,  is  small,  soft,  and  diffluent;  the  fibrin,  after  it  has  been  sepa- 
rated by  whipping,  is  not  tough  and  firm,  but  soft  and  viscid,  and  in 
the  same  state  as  it  occurs  in  Uie  chvle.  The  serum  is  slightly  co- 
loured and  transparent  It  has  not  been  accurately  ascertained  whe- 
ther the  salts  are  decreased  or  in  a  normal  proportion. 

In  hydraemia,  the  serum  (as  has  been  observed  by  AneelV)  is 

1  Coune  orLeetara  on  tiiB  Blood.    The  Lanoot,  1840,  p.  067. 
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usually  transparent,  and  contains  only  a  small  rji:antity  of  colouring 
matter^  and  probably  only  a  slight  amount  of  f&lts.^  Geddings'  ob- 
flerves  regarding  the  inhabitants  of  the  morasses  of  the  Carotinas^  in 
whom  anaemia,  or,  more  correctly  speaking,  hydraemia,  is  developed 
in  a  high  degree,  that  the  temperature  of  tlie  body  is  reduced,  that 
the  respiration  is  short  and  laborious,  and  that  the  pulse  is  small, 
tren^ulous,  and  frequent  In  the  examination  of  the  heart  and  larger 
vesieU  of  anaemic  persons  he  found  either  scarcely  any  coagulated 
blood,  or  else  a  clear  red,  or  greenish  dirty-looking  fluid,  almost  en- 
tirely devoid  of  solid  or  colouring  constituents,  containing  but  few 
blood-corpuscles,  and  which  could  not  be  coagulated  either  by  heat 
or  by  nitric  acid.  This  watery  fluid  was  frequently  present  in  con- 
siderable  quantity. 

Carcinoma, 

In  a  case  of  cancer  of  the  left  lobe  of  the  liver,  and  of  the  pylorus, 
accompanied  with  atrophy  of  the  spleen,  occurring  in  a  man,  aged  53 
years,  the  blood  contained : 

Analyni31. 
Water 887-2 


Solid  conrtituents 
Fibrin      -       . 
ADwmen 
Blood-ooipiMclefl 
Extractive  mattera  and  aaks 


lld-8 

5&1 

45*8 
8-9 


Scrophulosis. 

In  scrofulous  afiections  the  blood  is  deficient  in  solid  constituents,, 
especially  in  fibrin  and  in  corpuscles.  The  primary  causes  are  pro- 
bably due  to  a  deficient  formation  of  chyle,  and  to  the  influence  of  a 
moist  unhealthy  atmosphere. 

Dubois^  has  analyzed  the  blood  of  scrofulous  persons.  The  blood 
coagulates  slowly,  the  clot  is  small,  soft,  and  diffluent;  the  serum  is 
thin,  and  often  of  a  red  colour.  When  examined  under  the  micro- 
scope, some  of  the  corpuscles  appeared  devoid  of  colour  at  the  edges 
only,  some  entirely  colourless.  Their  size  was  not  materially  changed, 
but  they  appeared  flattened,  spherical,  or  cylindrical.  Hence  we  may 
also  infer  that  there  is  a  deficiency  in  the  quantity  of  salts  in  the 
blood  of  scrofulous  persons. 

Chlorosis, 

The  blood  in  this  disease  possesses  the  general  characters  of  this  fluid 
in  anaemia.  The  clot  is  small,  sometimes  soft,  but  frequently  of  the 
normal  consistence :  the  serum  is  bright,  slightly  coloured,  and  tolera- 
bly clear.    The  fibrin  (separated  by  whipping)  is  not  so  dense  and 

*  Tlw  blood-corouades  would,  however,  be  dianlved  in  this  case. 

•  Baltiiiioie  Med.  and  Smg.  Journal,  1834,  No.  4. 
a  L'£xp6ii8iioe,  1839,  No.  87. 
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eonsiiteiit  as  io  Dormal  or  in  inftunmstonr  blood.  Its  qontitf  b 
Domial,  or  onlj  stightlj  diminisbed,  while  tbe  udoudI  of  the  aiiy^ 
cles  is  eoosidenbly  decreasedy  and  the  solid  coostitneiils  genenH  j  are 
leas  than  in  healthy  blood. 

Golding  Bird^  states,  howerer,  that  the  blood  in  chlorosis  fbniis jost 
as  solid  a  clot  as  in  inflammatory  diseases,  and  JenninnF  ubtiied 
even  a  bofiy  coat  on  the  clot  of  chlorotic  persons  in  the  ahaeiice  of  aD 
inflammatory  svmptomsw  He  aecoants  for  this  pheoomenoo  by  anp- 
posing  that  as,  in  chlorosis,  the  amount  of  fibrin  is  normal,  but  thai  of 
the  corpuscles  much  diminished,  tbe  ratio  of  the  fibrin  to  the  eorpos- 
des  may  be  the  same  as  in  icSammatory  disorders^ 

Andnl  and  Gavarret  state  that  the  blood  in  chlorotic  persons  ibnns 
a  dot  similar  to  the  coagulum  in  healthy  blood,  and  th^  a  huSjf  coat 
is  not  unfrequently  obserred  on  it 

I  found,  on  the  contrary,  that  the  dot  in  chlorosis  was  Tery  soft, 
and  that  the  fibrin  was  not  so  firm  as  in  inflammatory  diseases^  These 
contradictions  are  easily  explained  by  supposing  that  the  chemico-phy- 
sical  characters  of  the  blood  change  during  the  progressiTe  devdop* 
ment  of  the  disease.  We  can  obtain  a  more  accurate  knowledge  of 
the  stage  of  derelopment  of  the  doease  from  the  blood  than  from 
many  other  diagnostic  signs. 

I  am  indebted  to  Dr.  Vetter  for  the  folbwing  specimen  of  the 
blood  of  a  chlorotic  giri,  which  gave,  on  analysis,  the  following 
suits: 


AaalyvisK.                 Btaltkybta 

Water 

m 

m                  m 

tm-aOO                      79&«7d 

Soid  coDitiliie 

nti 

. 

I2&h^                     204*09 

FidD 

. 

• 

2080                        2-104 

Fm-       - 

. 

m                  m 

2630                        2-346 

AlRBMn 

m 

m                  m 

7»e90                      7O€60 

CluLdhi    - 

m 

m                   m 

30660                 iu»ia 

Hnuiln    • 

m 

m                  m 

1^31                        6209 

Eitractite  nHOen  and  nlti  - 

11O00                      12012 

The  bmatD^MooIin  contiinfH  4-4|  of  caloviDg  BHtler. 

The  girl  was  19  years  of  age,  moving  in  a  respectable  station,  and 
tall;  she  exhibited  all  the  symptoms  of  unmixed,  long-standing  chlo- 
ros!9,  which  appeared  in  this  instance  to  have  reached  its  highest  de- 
velopment 

On  contrasting  it  with  healthy  blood,  we  find  little  difierence  in  the 
absolute  quantity  offibrrn;  this  constituent  is,  however,  extremely  large 
when  considered  relatively  with  the  corpuscles,  or  with  the  solid 
constituents  generally. 

The  quantities  of  albumen  and  of  extractive  matters  and  salts  do 
not  differ  very  much  from  the  quantities  of  healthy  blood. 

Andral  and  Gavarret  have  analyzed  the  blood  in  several  cases  of 
this  disease.  It  is  different  in  the  incipient  and  in  the  fully-deve- 
loped stages  of  chlorosis. 

In  the  former  the  appearance  of  the  patient  hardly  indicates  the  pre- 

«  Anoea,  CouneofLeetiire^dcc.    The  Lancet,  1840,  (k  887.  •Dad. 
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sence  of  the  disease;  the  face  is  blooming,  rather  than  pale,  and  the 
blood  merely  exhibits  a  very  considerable  decrease  of  the  corpuscles. 
The  following  numbers  give  the  maxima,  minima,  and  mean  of  8 
analyses,  made  during  this  stage. 


Water. 
816-3 
790-0 
-        801-0 

Solid 

conrtituente. 

210-0 

)a37 

199K) 

Fibrin. 
5-3 
2-4 
3-5 

Blood- 

corpiiKlet. 

112-7 

97-7 

lOG-H 

Solid  residue 

of  serum. 

941 

76-5 

880 

Maxunum    - 
Mmimiim    - 
Mean  - 

*^^^*J^J^*^j  790-0  210O  3-0  127-0  80-0 

When  the  disease  is  fully  developed  the  fibrin  is  slightly  dimi- 
nished, but  the  quantities  of  blood-corpuscles,  and  of  the  solid  resi- 
due generally  are  very  much  lessened. 

Andral  and  Gavarret  have  made  12  analyses  of  the  blood  of  0 
cases  of  confirmed  chlorosis. 

I  shall  give  the  maxima,  minima,  and  mean  results  of  these  analy- 
ses; omitting,  however,  the  cases  that  were  complicated  with  inflam- 
matory symptoms. 

Water.  Solid  reeidne.  Fibrin.  Blood-corpuaelei.  R^due  of  lerum. 
Maximum      -        -        868-7        181-3            3-6               9&-7  100-9 

Minimmn      -       -        818-5        131-5  2-1  38*7  75-4 

Mean     -       -       -       853-2       146-8  2-9  56-7  88K) 

The  blood  in  which  the  corpuscles  attained  their  minimum,  had  the 
following  composition: 

Water 868-7 

Solid  constitaentf    -        -        -  131*3 

Fibrin 3-5 

Bl(X)d-coipuflcIes      ...  38*7 

Sotid  resiaue  of  serum      -        -  89*1 

The  amount  of  corpuscles  exceeds,  in  only  three  cases,  the  number 
60:  and  in  five  cases  it  remains  below  50:  the  fibrin  remains  in  five 
cases  below  3,  and  in  the  other  five  cases  it  amounts  to  or  exceeds  3, 
the  maximum  being  3-6.  The  amount  of  the  solid  residue  of  the 
serum  is  in  almost  every  case  rather  above  the  normal  standard.  It 
follows  from  4  analyses,  in  two  of  which,  however,  the  chlorosis  was 
combined  with  tubercular  phthisis  and  rheumatism,  that  the  residue 
of  the  serum  contains  on  an  average  8*2  of  inorganic  constituents. — 
The  two  cases  of  pure  chlorosis  gave  the  inorganic  constituents  of  the 
residue  of  the  serum  at  8*9,  while  the  two  complicated  cases  gave 
only  7*6,  so  that  it  appears  as  if  the  salts  were  rather  increased  than 
diminished  in  this  disease.  Others,  however,  assert  that  there  is  a 
diminution  of  the  salts. 

[The  following  table  gives  the  mean  composition  of  the  blood  of 
six  chlorotic  girls,  as  determined  by  Becquerel  and  Rodier: 


Density  of  defibrinated  blood 

1045-8 

Density  of  serum     .        .        - 

1028-1 

Water            -        .        .        - 

828-2 

Solid  constituento     .        .        - 

171-8 

Fibrin     -        -                -        • 

3-4 

956 
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Fm       -       •       -       • 

ADbuUBO  ... 

Bkx)d-coqN]icfe8 
Extncthre  matten  and  nlli 

The  salts  consisted  of: 

Chloiide  of  sodium 
Other  aohibfe  adti    - 
Phoaphatea     - 
Iron       -       -       -       - 


1-5 
72-1 

86-0 

8-8 


3-1 

0-441 
0-319] 


My  owD  observations,  as  well  as  those  of  Andral  and  Gavarret,  on 
the  blood  of  chlorotic  persons  who  had  been  taking  ferruginous  me- 
dicines, are  especially  interesting. 

The  girl  from  whom  the  blood  of  analysis  32  was  taken,  took  2 
ounces  of  the  tincture  of  iron  and  64  grains  of  metallic  iron,  during  a 
period  of  seven  weeks,  commencing  with  the  day  of  the  first  vene- 
section. 

The  blood  which  was  then  analyzed  had  the  following  constitution: 

Ana]y8is33. 
Water 806-500 


Solid  midue         -       -       - 

]d3>500 

Fibrin  -        •        •        •        < 

1^200 

Fat       -        .        .        - 

2^299 

81-330 

Globulin       .       .       .       . 

90-810 

4-598 

Extractive  matten  and  adti    • 

9^80 

The  hsmato-globulin  contained  4*8g  of  colouring  matter. 

This  change  in  the  composition  of  the  blood  is  truly  surprising, 
and  affords  an  excellent  illustration  of  the  wonderful  effects  of  certain 
remedies.  The  amount  of  solid  constituents  is  increased  by  nearly 
one  half,  and  the  increase  of  the  hsemato-globulin  is  likewise  extraor- 
dinary. In  this,  as  well  as  in  Andral  and  Gavarret's  observations, 
the  quantity  of  the  fibrin  is  diminished:  the^proportion  of  the  haematin 
to  the  globulin  is  however  slightly,  although  not  materially,  in* 
creased. 

The  changes  in  the  condition  of  the  patient  kept  pace  with  those 
of  the  blood.  Before,  she  was  pale,  and  her  lips  colourless;  now  she 
presented  a  really  blooming  appearance.  Andral  and  Gavarret  have 
arrived  at  perfectly  analogous  results. 

They  give  two  cases,  in  one  of  which  the  iron  was  administered 
lor  four  weeks,  in  the  other  for  only  three  weeks. 


\»l  Case, 

Previous  to  um 

After  use 

of the  iron. 

of  the  iron. 

Water  -        - 

866-5 

818-5 

Fibrin  - 

30 

2-5 

Blood-corpufldes     - 

46-4 

95-7 

Reaidae  of  aerum  • 

83-9 
2d  Case. 

83-3 

Water  ... 

852-8 

831-5 

Fibrin  -        -        - 

3-5 

33 

Blood-corpoaclea    - 

49-7 

64-3 

Residue  (»  serum  - 

94-0 

100-9 
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[The  two  following  analyses  were  nnade  by  Herberger.*  The  blood 
in  (1)  was  taken  from  a  chlorotic  girl  aged  20  years;  in  (2)  it  was 
taken  from  the  same  girl  after  an  eight  weeks'  course  of  chalybeates. 

In  both  instances  the  blood  formed  a  tolerably  large  clot^  but  no 
bufly  coat 

].  2. 


Solid  CQMtitaents 

131-660 

ou«-vov 
192-920 

Fibrin      - 

3^9 

1-950 

Fat 

2-310 

2-470 

Albumen 

78-200 

81-509 

Glohnlin  . 

36-470 

94-290 

Hematin 

1-590 

4-029 

Extractive  matters  am 

I  salts 

8-921 

»23e] 

Andral  and  Gavarret  have  likewise  analyzed  the  blood  of  a  chlo- 
rotic man.  They  made  three  analyses  of  it  at  intervals  of  four  weeks 
each.  During  this  time  he  had  been  taking  iron,  but  without  any 
marked  advantage: 

Veoeiwction.  Water.  Fibrin.  Bloodcorputcles.  Reiidiie  of  Mmm. 

1  810-1  3-6                  87-9                             96-4 

2  831-5  3-4                  77-2                             87-9 

3  819-4  3-7                  86-9                            90K) 

The  blood  of  chlorotic  persons  has  also  been  analyzed  by  Lecanu^ 
and  Jennings.^     The  following  are  the  results  of  their  analyses. 

Leeanu.  Jennings, 

1.  2.  '  ' 

862-40  861-97 


55-15  51-29 

82-45  86-74 


1. 

2. 

871-0 

852-0 

5^ 

3-0 

48-7 

52K) 

60^ 

78-0 

1-7 

20 

3-0 

20 

7-6 

7-0 

1-8 

2-0 

Water 
Fdxin  • 
Bloo^-oofpuscles 
Residue  of  serum 
Albumen 
Fat      -        - 
ExtractiTe  matters 
Alkaline  aalts 
Earthy  adts 

Andral  and  Gavarret  consider  that  the  great  rarity  of  cases  of  he- 
morrhage in  chlorotic  persons  is  due  to  the  amount  of  fibrin  remain- 
ing normal,  while  ihe  blood-corpuscles  are  considerably  diminished. 
I  cannot,  however,  think  that  the  primary  cause  of  ordinary  hemor- 
rhage is  only  to  be  sought  for  in  the  peculiarities  of  the  blood.  That 
a  lesion  of  the  vessels-  occurs  in  the  majority  of  cases  of  hemorrhage 
is  obvious  from  the  circumstance  of  blood-corpuscles  being  found  m 
the  etfused  fluid.  I  cannot  easilv  conceive  how  blood,  deficient  in 
fibrin,  should  more  readily  escape  from  the  vessels  than  blood  abound- 
ing in  that  constituent. 

In  passive  hemorrhages,  the  relations  of  the  tissues  themselves 
ousrht  to  be  taken  into  account  as  much  as  the  quality  of  the  blood. 

[Becquerel  and  Rodier  analyzed  the  blood  of  two  girls,  in  whom 
all  the  symptoms  of  chlorosis  existed,  (including  the  6ri/i7  dt  diable 

1  Buehner^s  Rawrtoritun,  2<1  series,  voL  29 

2  Etudes  Chimiquea,  dtc,  p.  113. 
»  The  Lancet,  1839-40,  p.  887. 
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in  the  carotids,)  and  yet  there  was  no  diminution  of  the  corpuscles, 
or  of  the  solid  constituents  generally. 

1st  Caie.  Sd  Caw. 

Densty  of  defibrinated  blood        -        -        1055*4  1055-4 

DenfltyofKnim        ....        1027-9  1027*3 

Water 798-C  19-^7 

Solid  oonstituenti        ....         201*4  207*3 

Fibrin M  2-3 

Fit 1*887  1*980 

Albumen 6&6  70*5 

Blood-rorpuflcles          ....          123-8  12G*4 

Extractive  mattera  and  adti         -        -             0*6  5*8 

The  salts  consisted  of, 

Chloride  of  flodium      ....             2^  3*3 

Other  soluble  salts       ....             2^2  3-4 

Phosphates 0*329  0*427 

Iron 0-492  0-51C] 

Scorbutus. 

[The  blood  has  been  analyzed  by  Mr.  Busk  in  three  well-marked 
cases  of  scurvy  that  occurred  in  the  Dreadnought  Hospital  Ship.  Its 
composition  is  represented  in  the  following  table: 


• 

1. 

2. 

3. 

4. 

Healihy  Mood. 

• 

. 

(Bunk.) 

Water          -       - 

849*9 

835-9 

846-2 

788-8 

J 

Solid  constituents 

150*1 

164*1 

153-8 

211*2 

m 

Fibrin 

6-5 

4*5 

5*9 

3*3 

.s 

Albumen 

84*0 

76<) 

74*2 

67-9 

Blood -oonnisdes    • 

47*8 

72-3 

60-7 

133*7 

Salts    . 

9-5 

11-5 

10*9 

G-8 

These  analyses  are  sufficient  to  disprove  the  general  notion  that  in 

'  this  disease  the  corpuscles  are  dissolved  in  the  serum.     In  the  blood 

taken  from  these  scorbutic  patients,  the  separation  into  serum  and  clot 

was  as  perfect  and  took  place  as  rapidly  as  in  healthy  blood.     In  two 

of  the  cases  the  clot  was  buffed  and  cupped.] 

Morbus  maculostis  Werlhojil 

[Porphyra  hsmonhagica  (Mason  Good.)     Land-scurvy.] 

I  have  analyzed  the  sanguineous  fluid  discharged  from  the  mouth 
of  a  girl  aged  20  years.  She  was  pale  and  weak,  the  pulse  rather  ex- 
cited, breath  fetid,  and  there  were  red  spots  on  the  gums  and  above 
the  uvula,  from  which  the  blood  had  apparently  escaped.  This  san- 
guineous fluid  contained  much  saliva,  and  some  flocculi  of  mucus,  but 
no  fibrin.  It  had  a  faint,  disagreeable  smell,  was  of  a  very  dark  (al- 
most black)  red  colour,  transparent,  and  deposited  an  almost  clear  se- 
diment The  decanted  fluid  exhibited  no  blood-corpuscles  under  the 
microscope,  and  only  a  few  membranous  granules.  The  sediment 
was  composed  of  blood-corpuscles,  which,  for  the  most  part,  were 
changed  from  the  flattened  into  a  spherical  form,  and  of  which  a  small 
quantity  were  of  a  pale  yellow  colour,  while  the  majority  were  almost, 
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if  not  quite,  colourless.  Moreover,  I  observed  a  considerable  quan- 
tity of  epithelium-scales  and  mucus-granules,  the  latter  of  which  were 
especially  visible  in  the  flocculi  deposited  at  the  bottom.  After 
thoroughly  stirring  the  fluid,  it  was  boiled  ;  upon  which  it  coagulated 
perfectly.     I  found  that  it  was  composed  of — 

Analytit  34. 

Water 048-889 

Solid  readue        ....  5M11 

Fat 1*377 

Albumen  and  mucus     ...  34*032 

Globulin &610 

Hasmatin     ......  0-103 

Akohd-extract,  bilin,  and  aalts       -  4*685 

Water-extxBct,  ptyalin,  and  salte     -  2*555 

BiliwnJin 0*366 

The  presence  of  the  bile  in  this  blood,  although  I  was  assured,  both 
by  the  patient  and  the  nurse,  that  there  had  been  no  vomiting  when 
the  blood  was  discharged,  appeared  to  me  of  importance,  since  it  is 
well  known  that  a  very  small  quantity  of  bile  is  su£Scient  to  dissolve 
a  considerable  quantity  of  blood-corpuscles. 

SSome  observations  on  the  sanguineous  contents  of  the  stomach, 
on  the  blood  found  in  the  heart  after  death  from  this  disease,  oc- 
cur in  Heller's  Archiv.  vol.  i.  p.  10.] 

Hemorrhages. 

I  have  already  observed  that  continuous  and  excessive  loss  of  blood 
must  necessarily  produce  a  change  in  the  composition  of  that  portion 
which  remains  in  the  system,  and  that  there  will  be  a  more  or  less 
marked  degree  of  spanaemia  in  proportion  to  the  quantity  of  blood 
that  has  been  lost. 

Some  researches  have  already  been  made  regarding  the  chemico- 
physical  condition  of  the  blood  which  is  separated  from  various  or- 
gans in  the  different  forms  of  hemorrhage. 

I  analyzed  the  blood  of  a  woman  who  was  suffering  from  me- 
laena.  It  was  a  thick  fluid,  of  a  dark  red  colour  (nearly  black,) 
and  gave  off  only  a  slight  faecal  odour:  dilute  acid  heightened  the  co- 
lour, and  caustic  potash  developed  an  odour  of  ammonia:  it  had  a 
strong  alkaline  reaction,  coagulated  only  imperfectly  on  heating,  and 
threw  out  an  unpleasant  smell,  not  however  resembling  the  odour  of 
faeces.  It  did  not  coagulate  upon  standing,  and  contained  no  fibrin. 
No  blood-corpuscles  could  be  observed  under  the  microscope,  but 
merely  some  yellow  particles  floating  in  a  clear  fluid.  It  was  very 
rich  in  fat  and  in  hasmaphaein.  The  fat  resembled  in  odour  the  fat 
of  putrid  blood.  The  alcohol-extract,  which  contained  a  considera- 
ble quantity  of  fat,  had  a  very  bitter  taste,  but  when  treated  with 
sulphuric  acid  no  bilifellinic  acid  was  separated;  consequently  the 
presence  of  bile  was  undecided.  Upon  heating  the  dried  residue  a 
considerable  quantity  of  ammonia  was  given  off. 
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The  blood  contained  in  1000  parts: 

Water     - 

Solid  readue 

Brown  &t 

Albumen 

Globulin 

Hsiustiu 

Hemtphein 

Hcmaphein  with  akobol-extnct,  and  nha 

Water-extract  and  aalti    •  •  . 


Anvljnt  U. 
88tH»X) 

iia-soo 

OKXX) 

39-830 

3&530 

3018 

2-220 

9^73 

10-356 


The  hsemaphaein  left  upon  incineration  a  trace  of  peroxide  of  iron, 
and  some  carbonate  of  soda;  the  alcohol-extract  left  chloride  of  sodium 
and  carbonate  of  soda;  and  the  water-extract  left  chloride  of  sodium, 
carbonate  of  soda,  sulphate  of  soda,  and  phosphate  of  lime. 

The  blood  discharged  in  haematemesis  is,  according  to  Schdnlein's 
observations,  either  clear  and  very  fluid,  or  black  and  coagulated; 
sometimes  the  two  forms  are  mixed.  The  taste  of  the  blood  is  bit- 
ter if  any  bile  is  mixed  with  it,  acid  if  the  spleen  is  affected. 

AncelP  states  that  vomited  blood  is  often  coagulated,  of  a  dark 
brown  or  blackish  colour  (in  consequence  of  the  acids  of  the  sto- 
mach;) in  other  cases  it  resembles  coffee-grounds. 

In  a  girl,  who  brought  up  enormous  quantities  of  blood,  I  found 
that  it  occurred,  for  the  most  part,  in  rather  large  brownish  red  coa- 
gula:  the  fluid  had  a  faintly  acid  reaction,  but  on  touching  a  section 
of  a  clot  with  red  litmus  paper,  a  blue  tint  was  produced.  The  mi- 
croscope revealed  the  presence  of  corpuscles  in  a  state  of  good  pre- 
servation. 

In  haemaluria  the  blood  is  mixed  with  urine.  If  the  quantity  of  the 
blood  is  very  small,  all  the  blood-corpuscles  may  become  dissolved, 
as  I  have  frequently  observed.  The  urine,  however,  coagulates  on 
heating,  and  the  colour  disappears  after  boiling,  while  discoloured 
flocculi  are  thrown  down.  The  corpuscles  are  frequently  preserved 
entire,  and  form  a  sediment,  on  allowing  the  urine  to  stand  for  some 
time.     In  this  case  they  can  be  detected  by  the  microscope. 

Lecanu'  quotes  an  opinion  of  Delarive,  that  a  change  occurs  in  the 
colouring  matter  of  the  blood  that  escapes  in  hsematuria,  since  sul- 
phuric acid  produces  a  brown-red  instead  of  a  black-red,  and  nitric  and 
muriatic  acids  produce  a  white  instead  of  a  black-red  precipitate:  al- 
cohol also  produces  a  white  deposit  These  peculiarities  in  colour 
(especially  the  white  precipitate)  may  probably  be  explained  by  the 
precipitation  of  the  albumen,  while  in  consequence  of  the  dilution  of 
the  blood  the  haemato-globulin  escapes  precipitation.  ; 

Purpura  hsemorrhagica. 

[The  blood  has  been  analyzed  in  a  case  of  this  disease  by  Routier.^ 
In  1000  parts  he  found: 

1  The  Lancet,  Sq>t.  1840,  p.  842. 

9  Etudes  Chiiniques,  etc.,  p.  95. 

s  Gazette  dcs  Hopitauz,  voL  6,  No.  90. 
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Water 705-344 

Solid  ootutituents  -        -        -  204-756 

Fibrin 0-005 

Blood-corocndes    -       -       -  121*701 

ResifhieofaBrum   -        -        .  B3-405 

From  this  analysis  it  appears  that  the  blood  does  not  assume  the 
form  of  spanaemia.  It  is  placed  here  in  consequence  of  the  analogy 
between  purpura  hemorrhagica  and  the  preceding  diseases] 

T\/phus  petechialis  putridus.     Yellow  fever.    Plague. 

The  blood  in  these  diseases  is  described  as  watery,  very  poor  in 
fibrin,  and  of  a  dark  colour.  If  any  clot  be  formed,  it  is  diffluent,  and 
very  soft:  the  serum  is  frequently  of  a  deep  yellow  or  brown-red  co- 
lour, partly  from  the  colouring  matter  of  the  bile,  and  partly  from 
dissolved  hsemato-globulin.  It  possesses  a  very  peculiar  smell,  which 
probably  difiers  in  each  disease.  It  is  by  no  means  improbable  that 
this  smell  may  be  produced  by  a  volatile  salt  of  ammonia. 

Schdnlein  has  directed  attention  to  the  formation  of  a  peculiar  gas 
that  escapes  with  the  blood  in  the  post-mortem  examination,  on  open- 
ing the  large  vascular  trunks,  and  which  is  probably  developed  in  the 
blood  during  the  last  stage  of  the  disease. 

Chomel  also  speaks  of  the  development  of  a  gas  in  the  interior  of 
the  veins. 

Ancell^  remarks,  that  in  the  first  stage  of  the  endemic  yellow  fe- 
ver of  the  West  Indies  the  blood  is  of  a  brighter  red,  contains  more 
salts,  and  is  hotter  than  in  a  state  of  health.  As  the  disease  pro- 
gresses, its  characters  become  changed,  and  towards  the  termination 
of  the  malady  it  loses  its  saline  and  animal  principles,  and  becomes 
black  and  thin;  in  which  state  sanguineous  effusions  occur  from  the 
difierent  outlets  and  tissues. 

Balard  and  Rochet"  have  made  some  observations  on  the  properties 
of  the  blood  in  the  plague. 

Balard  is  of  opinion  that  the  lymphatic  system  is  first  disordered, 
and  that  inflammation,  degeneration,  and  suppuration  of  the  lympha- 
tic ganglia,  and  vessels  follow.  It  is  not  until  suppuration  in  these 
structures  has  fairly  set  in  that  the  venous  system  begins  to  suffer, 
and  a  change  in  the  composition  of  the  blood  to  ensue. 

The  blood,  when  the  disease  is  fully  established,  exhibits  invaria- 
bly the  same  properties,  whether  it  is  obtained  by  bleeding,  or  taken 
from  the  vessels  after  de^th.  The  arterial  and  venous  blood  have 
both  the  same  dark  colour;  the  blood  generally  appears  in  a  peculiar 
state  of  solution,  and  oily  drops  are  frequently  seen  on  its  surface. 
It  frequently  has  a  peculiar  smell,  but  never  the  buffy  coat. 

In  three  patients,  aged  19,  23,  and  27  years  respectively,  and  in 
whom  the  blood  was  drawn  between  the  third  and  fifth  days,  it  was 

1  Coune  of  Lectures  on  the  Physiology  and  Pathology  of  the  Blood.    The  Lancet,  1840, 
p.  837. 
a  Ca«per*0  Wocfaemcfarift,  1838,  Na  12. 
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of  a  dark-brown  colour,  and  in  the  course  of  two  hours  a  good  clot 
was  formed.  This,  however,  is  frequently  not  the  case,  especially 
when  the  oily  globules  appear,  llie  serum  was  reddish,  and  deve- 
loped a  gas  which  soon  browned  sugar  of  lead  test-paper,  and  which 
therefore  contained  sulphuretted  hydrogen.  The  clot  constituted 
about  40^  and  contained  33-5  of  water,  *6  of  fibrin,  3-8  of  cruor,  *25  of 
osmazome,  '9  of  chlorides  of  sodium  and  potassium,  and  *2  of  carbo- 
nate of  soda  and  fat 

Lachdze,^  who  observed  the  plague  in  Egypt,  states  that  the  blood 
never  coagulates,  that  it  is  greasy,  and  of  a  iblack  colour. 

THE  FOURTH  FORM  OF  DISEASED  BLOOD!  HETEROCHTMEVSIS.' 

I  arrange  under  this  form  all  those  states  of  the  blood  in  which  a 
substance  is  present  that  does  not  exist  in  the  normal  fluid:  when, 
for  instance,  the  blood  contains  urea  (in  appreciable  quantity,)  sugar, 
colouring  matter  of  the  bile,  fat,  pus.  The  circumstances  that  lead 
to  the  establishment  of  this  diseased  condition  of  the  blood  are  far 
less  natural  than  those  which  are  connected  with  the  production  of 
the  three  former  classes*  The  arrangement  is  artificial,  and  merely 
adopted  for  convenience,  since  this  class  of  diseases  has  simply  this 

! property  in  common,  that  the  composition  of  the  blood  is  here  qua* 
itatively  changed,  whilst  in  the  three  former  it  was  only  altered 
quantitatively.  The  putrid  form  of  typhus,  the  yellow  &ver,  and 
the  plague,  certainly  might  have  been  placed  in  this  class,  since  co- 
louring matter  of  the  bile,  and  a  salt  of  ammonia,  are  often  found  in 
the  serum.  I  have,  however,  thought  it  best  to  place  these  diseasies 
in  the  third  class,  because,  in  the  first  place,  the  presence  of  the  ab- 
normal constituents  is  not  constant;  and  because,  secondly,  in  con- 
sequence of  the  deficiency  in  the  solid  constituents  of  the  blood  in 
these  disorders,  they  naturally  occur  under  the  class  spanaemia. 

I.  BLOOD  CONTAINING  UREA:  UREMIA. 

a.  Morbus  Brightii. 

Andral  and  Gavarret  describe  the  blood  in  this  disease  as  charac- 
terized by  a  deficiency  of  albumen  in  the  serum. 

It  is  evident,  however,  both  from  my  own  and  from  Christison's 
researches,  that  the  decrease  of  the  solid  constituents  of  the  serum  is 
not  always  the  leading  character  in  this  disease.  I  have  thought  it 
right,  therefore,  to  arrange  this  disease,  on  account  of  the  nearly  con- 
stant presence  of  urea  in  the  blood,  under  the  form  heterochymeusis. 

Christison,^  who  has  attentively  studied  the  blood  in  this  disease, 
describes  it  in  the  following  manner:  The  blood  in  the  first  stage  of 
the  disease  coagulates  with  a  thick,  firm,  and  cupped  bufiy  coat. 

*  Magendie,  LeQons  ear  le  Sang.    finizeDei,  1839,  p.  300. 

■  Prom  iTt^og  and  rv/uivoi;. 

3  On  the  Granular  Uegeneration  of  the  Kidneys,  etc^  by  R.  Christison.    Edm.  1639. 
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The  serum  is  usually  rather  turbid^  and  when  shaken  with  ether 
yields  a  small  quantity  of  solid  fat  The  decrease  in  the  density  of 
the  serum  at  this  stage  is  very  remarkable.  While  in  healthy  blood 
it  is  estimated  at  1029 — 1031,  it  now  sinks  to  1020,  or  even  1019; 
and  in  connexion  with  this  circumstance  we  find  a  large  quantity  of 
albumen  in  the  urine. 

Another  veiy  remarkable  peculiarity  is  the  presence  of  a  certain 
quantity  of  urea  in  the  serum. 

The  following  changes  occur  in  the  progress  of  the  disease:  (1.) 
There  is  an  excess  of  serum,  the  clot  often  constituting  not  more 
than  one  fourth  of  the  blood.  (2.)  The  density  of  the  serum  returns 
to  its  normal  state,  or  even  exceeds  it;  sometimes,  however,  it  re- 
mains low,  even  in  the  advanced  stages.  (3.)  The  urea  disappears 
as  the  disease  advances,  but  usually  reappears,  towards  the  termina- 
tion of  the  case,  in  even  a  larger  amount  than  previously.  (4.)  The 
fibrin,  which  is  increased  in  the  first  stage,  returns  to  its  normal 
amount  as  the  disease  advances,  and  only  becomes  considerable  again 
during  inflammatory  complication.  (5.)  The  most  remarkable  cha- 
racter of  the  blood  in  the  advanced  stage  is  the  great  decrease  of  blood- 
corpuscles,  which  frequently  amount  to  only  one  third  of  the  normal 
proportion. 

I  have  analvzed  the  blood  in  four  cases  of  Bright's  disease,  and 
obtained  the  following  results: 


ABmiKB 
Globulin 


Ezinctne  mittoni  and  tthf 


AnalTflgSS. 
830«90 

Analjrtif  37. 
82&691 

169-490 

173'109 

7-046 

»060 

SM03 

1-660 

lOa-694 

109-433 

40-151 

41-300 

3-oUo 

4-377 

12-348 

13280 

Analyiif  38. 

8S&461 

176-539 

MOO 

S>520 

97-010 

54-090 

5-100 

12819 


Aniilytig  ra. 
839-700 
160-300 
3-500 

fteao 

6340Q 

71-300 

4-910 

11-380 


The  blood  in  analysis  36  was  taken  from  a  man  aged  40,  who  had 
been  treated  for  some  time  in  our  hospital  for  this  disease:  traces  of 
urea  were  detected  in  the  extractive  matters,  by  the  method  givea  in 
page  160. — The  blood  in  analysis  37  was  taken  from  a  man  aged 
20,  whose  feet  and  arms  were  so  oedematous  as  to  render  venesec- 
tion a  matter  of  some  di£Sculty.  Considerable  quantities  of  urea 
were  found  in  the  blood. — ^The  blood  in  analysis  38  was  taken  from 
a  man  aged  30,  in  whom  the  disease  was  not  so  advanced  as  in  the 
former  cases.  A  considerable  quantity  of  urea  was  found  in  the 
serum,  which  exhibited  a  remarkable  milk-white  turbidity,  not 
caused  by  fat  in  a  state  of  suspension,  but  (as  shown  by  the  micro- 
scope) produced  by  numerous  minute  solid  granules,  which,  by  di- 
luting the  serum,  and  then  allowing  it  to  rest,  were  collected,  washed, 
and  analyzed.  They  were  not  soluble  in  alcohol  or  in  ether,  but 
dissolved  after  a  continuous  digestion  in  dilute  acetic  acid,  from 
which  they  were  precipitated  by  ferrocyanide  of  potassium.  Hence 
I  concluded  that  they  were  fibrin. 
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The  blood  in  analysis  39  was  taken  from  a  man  36  years  of  age, 
at  the  commencement  of  the  disease.  Haematuria  had  occurred  a 
few  days  previous  to  the  venesection.  The  quantity  of  urea  in  this 
blood  was  verv  considerable. — ^The  urine  was  albuminous  in  all  these 
cases,  especially  in  the  last  two. 

It  is  worthy  of  remark  that  I  have  found  the  hasmaio-^obulin 
more  abundant  in  haematin  in  these  than  in  ordinary  cases.  It  va- 
ried from  8g  to  9*5g. 

Christison  gives  the  following  results  of  analyses  of  blood  in  Brig^t's 
disease: 


Water. 

Solid  connitaentf. 

Fibrin. 

Blood-conraielat. 

Eeildae  ofteniai. 

1 

86:S8 

136^2 

8« 

67-4 

760 

2 

8441 

155^ 

4-4 

57-7 

93-8 

3 

808  3 

19l'7 

30 

1330 

54-6 

4 

8310 

169H) 

8-8 

UM 

55-1 

5 

a36-3 

163-7 

2-7 

104-6 

56-4 

6 

88&9 

174-8 

4-3 

95-5 

750 

7 

859-2 

140« 

8-2 

75-5 

67-2 

8 

885-3 

114*7 

6-2 

56-4 

52-1 

9 

862-8 

137-8 

3-2 

72-1 

61-9 

10 

855^ 

144-5 

4-5 

42-7 

97-3 

11 

oOSPO 

137-4 

8-5 

72« 

56-1 

18 

8870 

1130 

5-6 

49-1 

58-3 

13 

841*6 

158-4 

Z< 

91'6 

634 

Christison's  average  composition  of  healthy  blood  being: 

775-7  224-3  3-8  137-1  834 

The  blood  in  the  3d  analysis  was  taken  from  a  robust  man,  a^ 
55  years,  in  the  first  stage  of  granular  degeneration,  and  sufienng 
from  anasarca.  The  urine  was  very  albuminous,  but  not  bloody : 
the  serum  was  milky,  and  abounded  in  urea. 

The  blood  in  the  5th  analysis  was  taken  from  a  man  aged  48, 
suffering  from  anasarca  and  continued  fever.  The  kidneys  were  in 
the  first  stage  of  granular  degeneration;  the  urine  contained  a  con- 
siderable quantity  of  albumen. — In  the  6th  case,  the  disease  had 
reached  the  middle  stage :  the  patient  was  at  the  same  time  suffering 
from  anasarca  and  chronic  catarrh :  the  blood  contained  urea. — In  the 
7th  case,  the  disease  was  in  the  first  stage;  the  patient  (a  man  aged 
42)  was  also  suffering  from  peripneumonia  and  anasarca:  the  blood 
contained  urea,  and  the  urine  was  albuminous. 

8th  analysis.  Blood  of  a  youth  aged  16  years,  suffering  firom 
dropsy ;  kidneys  in  the  middle  stage  of  granular  degeneration.  The 
serum  was  peculiarly  rich  in  solid  constituents,  and  contained  a  con- 
siderable quantity  of  urea. 

9th  analysis.  Blood  of  a  man  aged  23.  The  granular  degene- 
ration was  more  advanced,  the  blood  contained  urea. 

10th  analysis.  Blood  of  a  man  aged  23,  after  having  recovered 
from  scarlatina.  The  disease  in  the  kidneys  was  in  an  advanced 
stage:  the  blood  was  remarkable  for  the  small  quantity  of  corpuscles. 

11th  analysis.  Blood  of  a  woman  aged  25  years,  suffering  from 
anasarca,  catarrh,  and  chronic  rheumatism.    The  degeneration  of  the 
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kidneys  was  in  a  very  advanced  stage.  The  blood  contained  urea, 
and  the  urine  was  albuminous. 

13th  analysis  Blood  of  a  man  aged  32,  sufiering  from  pleuritis 
and  anasarca;  kidneys  in  an  advanc^  stage  of  the  disease.  Blood 
remarkable  for  the  small  quantity  of  corpuscles,  and  for  the  large 
amount  of  urea. 

13th  analysis.  Blood  of  a  woman  aged  56,  with  anasarca  and 
ascites;  the  disease  of  the  kidneys  was  in  a  very  advanced  stage. 

These  observations  entirely  coincide  with  my  own,  as  far  as  re- 
gards the  decreased  quantity  of  solid  constituents,  the  small  amount 
of  blood-corpuscles,  as  the  disease  advances,  and  the  presence  of  urea 
in  the  blood. 

Andral  and  Gavarret  have  analyzed  the  blood  of  three  persons 
with  Briffht's  disease. 

The  following  are  their  results: 


VwMMcUnn. 

Wtter. 

Solid  eoDitltaenu. 

Fibrin. 

Blood<orpiitelC9. 
127-6 

Rctldue  of  Mrum 

in  Cms    1 

801-0 

19SH) 

1-6 

69-1 

Sd    «        J 

867-0 

1330 

2-3 

61-6 

69-4 

CI 

849K) 

151-0 

3-2 

82^ 

64-8 

3d    «    <2 

83&0 

164/) 

^ 

88^ 

727 

h 

84&9 

154-1 

4<2 

71-0 

780 

The  second  venesection  in  the  3d  case  was  ordered  at  a  time 
when  the  urine  was  less  albuminous  than  it  had  been:  the  third  was 
prescribed  after  a  considerable  interval,  and  when  the  urine  con- 
tained no  albumen. 

jS.  Cholera. 

The  researches  of  trustworthy  observers  have  shown  that  the 
blood  in  cholera  exhibits  the  following  peculiarities.  The  quantity 
of  water  is  decreased,  and  consequently  there  is  an  increase  in  the 
amount  of  solid  constituents  arising,  in  all  probability,  from  the 
watery  alvine  evacuations;  the  amount  of  fibrin,  as  well  as  the  alka- 
line reaction,  is  diminished,  and  urea  is  found  in  the  serum.  The 
search  after  this  substance  has  not  always  been  successful,  but  its 
presence  has  been  clearly  shown  by  Rainy,^  O'Shaughnessy,*  Mar- 
chand,^  and  myself. 

The  following  are  the  leading  physical  characters  of  the  blood  in 
this  disease.  It  appears  to  be  thicker  than  usual,  and  either  forms  a 
soft,  friable  clot,  or  else  coagulates  very  imperfectly. 

Wittstock  has  made  a  careful  analysis  of  the  blood  during  cholera.. 
In  its  external  characters  it  resembled  healthy  blood :  the  clot  was 
of  a  scarlet  red  colour  on  the  surface,  but  darker  than  usual  in  the  in*^ 
terior. 

His  analysis  gave  the  following  results:  serum  36*5{,  clot  63*5;«. 
The  specific  gravity  of  serum  was  1*0385,  and  100  parts  left  13*75 

<  London  Medical  Onette.  Jan.  183a 
*  Anorifa  Leetiiraa  on  the  Blood.    The  Laooet,  1840,  p.  840. 
s  Posfendoffa  AoMko,  toL  40,  p.  388. 
23 
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of  solid  residue.  The  clot,  when  treated  with  absolute  alcohol^  left 
a  residue  of  31g;  the  alcohol  took  up  solid  crystalline,  and  thin  fluid 
£it,  chlorides  of  sodium  and  potassium,  lactates  of  soda  and  ammonia, 
extract  of  flesh,  and  traces  of  phosphate  of  lime.  By  wasbine  the 
dot,  6}  of  fibrin  were  obtained.  Hence,  if  we  consider  the  fluid  of 
the  clot  to  be  serum,  we  have  the  composition  of  this  blood  expressed 
as  follows: 


Water    .... 

74000 

Solid  rewhw  - 

-       Sf)000 

Fuxm    -       -       •       « 

1100 

.       -        11042 

Blood-oorpcHclM 

.        .        19446 

ExtracChe  matten  and  adts      -          1 4*10 

The  blood-corpuscles,  therefore,  fall  below  Lecanu's  average, 
while  the  albumen  and  solid  constituents,  generally,  are  considerably 
increased. 

Lecanu^  has  made  several  experiments  upon  the  quantity  of  solid 
constituents  in  the  blood  in  cholera,  and  has  arrived  at  the  following 
results: 

Solid  comlitoeDti     -       340  251  620  330 

MTatsr     -       -       -        GGO  749  480  670 

O'Shaughnessy'  has  analyzed  the  serum  of  the  blood  in  this  dis- 
ease, and  has  detected  a  considerable  quantity  of  urea  in  it 
1000  parts  were  composed  of. 

Water 854-0 

Albumen 1330 

Urea 1-4 

Ciyitalliiie  and  fluid  fat 1-4 

Cmoridea  of  aodiuni  and  potaanum          ...  4<0 

Sulphates  and  muriatea 1€ 

Extractife  matter  and  albuminate  of  aoda                 •  4*8 

I  analyzed  the  blood  of  a  woman  labouring  under  a  severe  attack 
of  sporadic  cholera. 

1000  parts  of  blood  contained: 

Anahiif  40. 

Water-       ....  756'530 

Solid  constituents  -        •        -  249-470 

Fibrin  .       -       -       .       -  2-470 

Fat 5^34 

Aliamen      ....  114114 

Hemato-globulin   -       -       •  lU8s>29 

Extractive  mattera  and  aalts    -  10*631 

.  The  salts  amounted  to  only  5*41,  the  average  quantity  being  from 
7  to  8  in  1000  parts  of  blood.  We  see  that  the  water  is  decidedly 
diminished,  but  the  ratio  of  the  blood-corpuscles  to  the  albumen  is 
not  such  as  was  formerly  supposed.^  In  consequence  of  suppression 
ofi  the  urinary  and  biliary  secretions,  the  blood  contained  a  quantity 
of  urea  and  of  the  constituents  of  the  bile,  (bilin  and  biliverdin.) 

<  Etudes  Chimiqoes,  etc.,  p^  lOG. 
•  Ancell's  Lectures  on  tbe  Blood.    Lonoet,  1840,  p.  84a 

>  It  was  oonoetted  ^t  the  thick  and  often  imperiectly  ooagofaitod  blood  must  be  wjr  rich 
in  corpusdesy  in  consequence  of  the  amount  of  serum  thrown  off  by  the  intestinal  canaL 
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[Heller  examined  the  blood  taken  after  death  from  the  carotids  of 
a  man  who  died  of  sporadic  cholera. 

It  was  of  a  very  dark  colour  and  of  a  tolerably  thick  consis- 
tency. 

Under  the  microscope  the  blood-corpuscles  appeared  hacked  at 
the  edges,  as  if  the  capsules  were  partially  destroyed,  and  many  fat- 
vesicles  were  seen. 

The  blood  was  very  rich  in  albumen,  in  fat,  and  in  urea.  The 
fixed  salts,  especially  the  chlorides,  were  increased,^  and  the  fibrin 
appeared  to  be  beneath  the  normal  stand.  There  was  no  trace  of 
biliphaein.] 

11.  SUGAR  IN  THE   BLOOD:   MELITAMIA. 

The  blood  in  diabetes  has  been  found  by  several  observers,  and  in 
one  instance  by  myself,  to  contain  a  larger  proportion  of  solid  con- 
stituents than  healthy  blood :  others,  as  Lecanu  and  Henry,  state  that 
the  amount  is  smaller.  According  to  the  latter,  the  quantity  of  blood- 
corpuscles  is  diminished,  while  others  assert  that  they  are  increased. 
The  fibrin  remains  at  about  the  normal  quantity.  Rollo  was,  I  be- 
lieve, the  first  who  proved  the  presence  of  sugar  in  the  blood  during 
diabetes.  Gueudeville,*  Vauquelin,  Segalas,'  Wollaston,  Henry  and 
Soubeiran,  could  not  detect  it  Boucnardat,^  however,  directs  at- 
tention to  the  important  consideration  that  the  presence  of  sugar  in 
the  blood  can  only  be  incontestably  proved  when  venesection  has 
been  performed  two  or  three  hours  after  dinner,  and  that  if  blood  is 
drawn  in  the  morning,  no  traces  of  it  can  be  found:  I  have  corro- 
borated this  observation. 

I  have  analyzed  the  blood  in  three  cases  of  diabetes.  The  sugar 
was  sought  for  in  the  manner  described  in  page  156. 

Analyiif  41.  Analytit  43.  Analytit  43. 

Water 7JM-663  76D'480  802^)00 

Solid  ooniAituents        -        •        -  205*337  210^10  198-000 

Fibrin 2-432  2-370  2KW0 

Fat 2-010  3-640  2-250 

Albumen 114-570  86000  97-450 

Globulin 66-300  98-500  74-350 

Hoematin 5-425  .5-100  3-700 

Sui^ 2-500  a  trace  a  trace 

Extractive  matten  fltfid  adts         •  9H)70  14-900  12-680 

The  blood  in  analysis  41  was  obtained  from  a  man  aged  50  years, 
who  had  taken  a  full  meal  of  animal  food  two  hours  previous  to  being 
bled.  The  2-5  parts  of  sugar  were  not  perfectly  pure;  they  con- 
tained extractive  matter,  and  some  salts. 

The  blood  in  analysis  42  was  taken  before  dinner  from  a  girl  aged 
20  years.     The  presence  of  sugar  was  only  just  perceptible  by  the 

1  In  conspqucnce  of  the  torpidity  of  the  urinary  aecietion. 

s  Annal.  de  Chemie,  vol.  44,  pi  45. 

3  Journal  de  Chemie  M6dicale,  vol.  I »  p.  1  • 

*  Revue  MWic.  1839,  p.  321. 
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taste,  by  the  sulphuric  acid  test,  and  by  the  odoar  evolved  on  burn- 
ing it  The  disease  in  this  case  was  far  advanced,  and  it  is  worthy 
of  remark  that,  six  or  eight  days  previous  to  dissolution,  the  diabetes 
sapid  us  became  converted  into  diabetes  insipidus. 

This  patient  made  an  extremely  large  quantity  of  water,  which 
was  not  very  abundant  in  sugar;  while  the  man,  aged  50,  passed  only 
two  or  three  quarts  of  urine  daily,  containing  a  large  proportion  of 
sugar. 

The  blood  in  analysis  43  was  taken  before  dinner  from  a  man 
aged*  30  years,  who  passed  a  very  large  quantity  of  water,  which, 
however,  did  not  contain  much  sugar. 

I  give,  in  the  following  table,  the  analyses  of  other  observers:' 

Booehardat.        Htnry  and  Soobeinui.       Leeanu. 

Water        -        -        -  80d-76  bl&50  848*35 

8oKd  oonatitiientfl        -  191-24  183*50  151-65 

Fibrin        ...  1-95  S^43 

Albumen    .        .        -  69'54  55-48  58*47 

Blood<!orpa8cIei          .  118-23  120*37  85-18 

Saltf.       ...  8*52  5*57  8K)0 

I  further  add  the  following  analysis  of  the  serum  in  diabetes,  made 
by  Rees.* 

Water 908«0 

Albumen,  whh  a  tnue  of  phosphate  of  lime  and  peroxide  of  iron         -       -  80*35 

Fat      .       .       .       '       '       .       . 0^ 

Diabetic  angar 1-60 

Alcohol-extract  and  urea 2*20 

Albuminate  of  aoda,  alkaline  chloridea  and  caibonatea,  with  a  trace  of  aulphateB 

and  phosphates •  O80 

[Some  very  important  additions  to  our  knowledge  of  the  pathology 
of  this  obscure  disease  will  be  found  in  Dr.  Percy's  ^Observations 
and  Experiments  concerning  diabetes  mellitus.'  Med.  Gaz.  vol.  ii 
i  843.] 

III.    BILE-FIOMENT  IN  THE  BLOOD*.  CHOLJSMIA. 

Very  contradictory  statements  exist  regarding  the  composition  of 
the  blood  in  icterus. 

Orfila'  found  bile,  or  at  least,  biliary  resin,  in  the  blood  of  three 
persons  suffering  from  icterus;  and  Collard  de  Martigny^  and  Clarion' 
obtained  similar  results.  Lassaigne^  and  Thenard,^  on  the  contrary, 
declare  that  they  could  never  detect  any  constituent  of  the  bile  m 
such  cases.  Chevreul  found,  in  the  blood  of  children  with  icterus, 
the  colouring  matter  of  the  bile,  but  not  picromel;  and  Boudet  and 
Leeanu  have  likewise  found  the  bile-pigment  present  in  these  cases. 

>  In  ad£tion  to  ihoee  quoted  in  ihe  text,  ^re  is  an  analysia  of  diabetic  blood  by  Muller  in 
ihe  Archiv.  d.  Phann.,  toI.  18,  p.  55.    Ite  extremes  peculiarly  renden  ite  correctneas  doobtfiiL 
s  Anoell's  Lectures  on  the  Blood.    The  Lancet,  1840,  p.  889. 
'  Elements  de  Chim.,  vol  2,  p.  313. 
«  Joum.  de  Chim.  M^.,  vol.  3,  p.  423. 
s  Theses  d'Ecole  de  M6dicine,  1811. 
0  Joum.  de  Chim.  Med^  voL  1,  p.  266. 
7  Trait*  de  Chim.,  voL  5^  p.  111. 
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I  was  fortunate  enough  to  obtain  a  specimen  of  the  blood  of  a 
woman  in  our  hospital  who  was  Jaundiced  to  a  degree  not  often 
witnessed.  The  skin  over  the  whole  body  was  of  a  yellowish  brown 
colour,  the  urine  was  of  a  deep^  dark  brown  tint,  and  deposited  a 
considerable  quantity  of  brown  and  yellow  sediment  The  blood 
was  drawn  from  the  arm  in  my  presence,  and  was  immediately 
whipt 

It  hardly  differed  in  appearance  from  normal  blood,  but  contained 
very  little  fibrin,  and  the  corpuscles  speedily  sunk.  The  serum  was 
of  an  almost  blood-red  colour,  but,  when  only  a  thin  stratum  was 
viewed,  it  appeared  of  a  bright  amber  tint  Its  taste  was  hardly  at 
all  bitter;  when  treated  with  nitric  acid,  a  whitish  yellow  coagulum 
was  first  formed,  (consisting  of  albumen,)  which  rapidly  assumed  a 
deep  grass-green  colour,  then,  after  a  short  interval,  chanced  into  a 
blue,  and  afterwards  into  a  pale  red;  and  from  that  to  a  yellow. 

I  precipitated  the  protein-compounds,  by  means  of  alcohol,  from 
a  large  quantity  of  serum,  evaporated  the  fluid,  again  treated  the 
residue  with  alcohol,  evaporated,  and  then  dissolved  the  residue  in 
water.  This  aqueous  solution  must  have  contained  bilin  or  bilifellinic 
acid  (if  they  had  been  present),  besides  the  alcohol-extract  of  the 
blood  and  certain  salts,  but  it  neither  tasted  bitter,  nor  when  digested 
with  sulphuric  acid,  did  it  yield  a  resinous  substance  (a  compound  of 
fellinic  and  cholinic  acids  and  dyslysin;)  neither  did  it  contain  bilrn 
nor  any  of  the  products  of  its  metamorphosis.  On  the  other  hand,  I 
found,  in  the  urine  of  this  person,  which  was  brown,  very  acid,  and 
contained  a  large  quantity  of  uric  acid,  a  very  appreciable  quantity 
of  biliary  resin. 

We  can  only  account  for  the  occurrence  of  this  product  of  the  me- 
tamorphosis of  bilin  in  the  urine,  by  recollecting  the  facility  and  ra- 
pidity with  which  noxious  matters  are  eliminated  from  the  blood. 

My  analysis  of  the  blood  in  icterus  gave  the  following  results: 

Analyaia  44. 

Water 770000 

Solid  residae 230000 

Fibrin 1-500 

Fat 2040 

Albumen 12G-500 

GlobuUn 72-600 

Hematin 4-840 

Hnmaphsin,  with  biliphaein      .....  2-640 

Extractive  matters  and  nits,  with  biliphfein         -        -  16-500 

The  peculiarities  of  this  blood  are,  its  large  amount  of  solid  consti- 
tuents, due  to  an  increase,  not  of  the  corpuscles,  but  of  the  albumen, 
the  diminished  quantity  of  fibrin,  and  the  excess  of  colouring  and 
extractive  matters  and  salts.  In  other  analyses  of  the  blood  1  have 
frequently  found  it  impossible  to  separate  the  hsemaphsein  from  the 
haematin,  in  consequence  of  the  small  amount  of  the  whole  colouring 
matter;  in  this  instance,  however,  I  was  able  to  effect  their  separation, 
and  it  appears  that  the  amount  of  the  haemaphaein  is  about  one  h^lf 

23* 
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of  that  of  the  haematin,  a  proportion  which  is  probably  larger  than 
occurs  in  healthy  blood.     The  fat  was  not  particularly  increased. 

The  researches  of  Denis  and  Lecanu  give,  to  a  certain  deeree,  si- 
milar results:  they  show  a  decrease  of  the  blood-corpuscles,  but  not 
an  increase  of  the  solid  constituents. 

Leeana.  Deaii. 

1.  2. 

Wtter 828^60  63(H)               81&O0 

Solid  cansUtnents  -       -       -       -        171*340  170O              185H)0 

Filjrin 9«)  , 

Ftt G-W 

Albumen 76-800  65-0                53O0 

Blood^rpoades    ....         TS-e^O  970                99-95 

Sahs 8K)0 

TeUow  and  blue  pigment       -       -  14-55 

Saltii,  extractive  matten»  and  &t     -          14-900  8K) 

The  large  amount  of  fibrin  and  of  fat  is  remarkable  in  Denis's  ana- 
lysis; the  14*5  parts  of  colouring  matter  were  probably  combined 
with  extractive  matter. 

Tiedemann  and  Gmelin  observed  that  the  clot  of  icteric  blood  was 
of  the  ordinary  colour.  The  clear  yellow  serum  contained  biliphsin, 
and  gave,  when  treated  with  a  small  quantity  of  hydrochloric  acid, 
a  hyacinth-red  colour,  which  in  the  course  of  the  night,  became  green; 
if  an  excess  of  acid  was  used,  a  hyacinth-red  colour  was  at  once  pro- 
duced, which,  in  the  course  of  the  night,  turned  to  a  blue.  When 
treated  with  a  quantity  of  nitric  acid.not  sufficient  to  precipitate  the  al- 
bumen, it  became  of  a  greenish  yellow  colour;  when  treated  with  an 
excess  of  the  acid,  it  gave  a  green  precipitate,  which  afterwards  be- 
came blue,  and  subsequently  violet,  red,  and  yellow. 

"[Becquerel  and  Rodier  observe  that,  in  icterus,  there  may  be  a 
continued  secretion  and  flow  of  bile,  or  there  may  be  perfect  retention 
arising  from  biliary  calculi,  &c. 

In  the  first  case,  no  peculiar  modification  is  observable  in  the  blood, 
and  it  is,  therefore,  unnecessary  to  quote  their  analyses;  in  the  second 
case,  there  is  an  accumulation  of  cholesterin  and  of  the  other  fatty 
matters  in  the  blood. 

The  following  analysis  was  made  of  the  blood  of  a  young  man, 
aged  23  years,  in  whom  icterus  was  developed  as  a  consequence  of 
indigestion.  There  was  constipation,  and  no  appearance  of  bile  in 
the  faeces.     The  blood  contained,  in  1000  parts: 

Water 740-509 

Solid  constituenta  -        •        -  259-491 

Fibrin 1-900 

Fat 3-646 

Albumen       ....  66*300 

Blood-ooipuadea    -        -        -  164*300 

Extractive  matters  and  aalta    •  23*345 

The  fatty  matters  amount  to  more  than  double  the  normal  quantity, 
and  consisted  of: 
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Serolin         ....  0O70 

yhotgbomdbt    -       -       -  0-810 

Chofefllerin    ....  0^07 

Baponified  &t       -       -        -  2-139 

The  fatty  acids  that  enter  into  the  composition  of  the  saponified 
fat  occur  in  the  bile,  combined  with  soda.     The  salts  were  normal. 

In  another  case  of  a  similar  nature,  the  fat  amounted  to  4*176,  con- 
sisting of: 

Serolin 0128 

Phospborized  fiit    -       .       .  1*159 

Cboieflterin    ....  0^56 

Saponified  &t       -       •       -  S-333 

In  addition  to  the  large  amount  of  fat  in  the  blood  in  these  cases, 
Becquerel  and  Rodier  observed  that  the  serum  was  always  tinged 
with  bile-pigment] 

* 

IV.    FAT  IN  THE  BLOOD*,   PIARHJEMIA. 

It  is  well  known  that  free  fat  in  the  form  of  globules  is  not  ordi- 
narily seen  in  healthy  human  blood.  The  greater  part  exists  in  a 
saponified  state,  with  the  exception  of  cholesterin  and  serolin,  which 
do  not  saponify  with  potash.  As,  however,  the  chyle  contains  a 
large  quantity  of  free  fat  soon  after  the  act  of  digestion,  we  must 
conclude  that  during  the  process  of  metamorphosis  of  the  blood 
the  greater  part  becomes  converted  into  fatty  acids.  In  certain  pa- 
thological states  of  those  organs  which  play  an  active  part  in  the 
metamorphosis  of  the  blood,  and  whose  cells  contain  a  considerable 
quantity  of  fat,  as  the  liver  and  kidneys,  and  during  inflammatory 
affections  of  the  peritoneum  and  of  the  lungs,  so  large  a  quantity  of 
both  free  and  combined  fat  is  sometimes  found  in  the  blood,  that  the 
serum  appears  turbid,  opaque,  and  even  milky. 

Marcet  found  the  serum  milky  in  diabetes,  Trail  in  hepatitis,  Za- 
narelli  in  pneumonia,  Christison  in  dropsy,  icterus,  and  nephritis; 
moreover,  in  cholera,  the  blood  has  been  found  to  be  very  abundant 
in  fat. 

It  is  hardly  necessary  to  observe  that  if  in  such  cases  the  serum 
appear  turbid,  whey-like,  or  milky,  fat-globules  will  be  perceptible 
under  the  microscope. 

Christison  and  llecanu^  have  found  that  this,  like  most  of  the 
animal  fats,  consists  of  olein,  margarin,  and  stearin;  there  is  little 
doubt  but  that  fatty  acids  are  also  present;  in  fact,  Lassaigne  detect- 
ed a  fat  of  this  nature  in  the  blood,  similar  to  the  fatty  matter 
of  the  brain. 

Zanarelli*  found  the  blood  of  a  man  with  pneumonia  similar  to 
milk;  it  separated  into  a  thicker  and  a  thinner  portion.  Blood 
taken  some  days  afterwards  separated  into  a  red  clot  and  into  a  milky 
serum.     Zanarelli  is  of  opinion  that  this  milky  blood  is  chyle,  which 

i  Ettkkfl  Chum(|UM,  p.  1 IG. 

*  Jounud  de  ChimiB  Medic.,  vol  2,  p.  651 . 
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has  not  been  converted  into  proper  blood,  in  consequence  of  the 
affection  of  the  lungs.  Bertazzi  analyzed  it,  and  his  results  are  given 
below. 

BertazzCs  AnahftiM  of  M'dky  Blood, 

Water 905O 

Solid  confdtuenti 9&0 

Crystalline  &t 4-0 

Non-cryatalline  fiit (rO 

Extractive  matter,  lactates,  and  chlorides        -  &*0 

Caibonates,  phosphates,  and  sulphates,  -        -  4*0 

Dr.  Sion^  observed  an  instance  of  milky  blood  in  a  case  of  mam- 
mary abscess.  It  contained  no  fibrin,  and  when  allowed  to  stand  a 
small  quantity  of  colouring  matter  was  deposited.  The  fluid  was 
analyzed  by  Lecanu,  and  the  following  are  the  results  he  obtained : 

Leeanu*s  Analysis  of  Milky  Blood. 

Water 794-0 

Solid  constituents 20tH) 

Albumen 64*0 

Fat ;  cholesterin,  margarin,  stearin,  and  fiitty  acids  1  I7i) 
Salts  and  extractive  matters  ....  2&0 
Hnmato-globulin    * a  trace 

In  a  case  of  milky  serum,  which  occurred  during  hepatitis,  Trail 
found : 

Water 789 

Albumen        ....  157 

Oilviat         ....  45 

Chlorides  and  lactates     -  9 

V.    PUS  IN  THE  blood;  PTORiBMIA. 

According  to  Gulliver,'  pus  is  found,  and  probably  is  also  formed, 
in  the  blood  in  all  diseases  in  which  there  is  suppuration,  or  even 
inflammatory  swelling,  accompanied  with  hectic  fever.  According 
to  Blandin,  blood  of  this  nature,  in  issuing  from  the  vein,  does  not 
differ  much  in  appearance  from  ordinary  blood;  it  is  frequently,  how- 
ever, rather  darker  and  more  fluid.  When  the  blood  is  inflamed  and 
purulent,  a  muddy  or  greenish  yellow  inflammatorv  coat  is  formed, 
in  which,  according  to  Piorry,  gray  granulations  of  a  puriform  ap- 
pearance occur. 

Ammonia  has  been  recommended  by  Donne  as  a  test  for  the  pre- 
sence of  pus  in  the  blood.  Blood  treated  with  ammonia  dissolves 
into  a  clear  fluid,  while  pus  similarly  treated  forms  a  stiff  jelly.  If, 
therefore,  blood  contains  pus,  it  will  become  more  or  less  gelatinous 
upon  the  addition  of  ammonia,  and  if  only  a  very  small  quantity  of 
pus  is  present,  then  we  shall  only  fmd  stripes  of  this  stringy  sub- 
stance deposited  at  the  bottom  of  the  vessel.  I  have  obtained  favour- 
able results  from  this  method  when  the  quantity  of  pus  has  not  been 
very  minute;  I  will  not,  however,  venture  to  assert  that  certain  re- 
sults can  be  obtained  by  this  method  when  the  amount  of  pus  is  ex- 
tremely small. 

>  L4Uicette  franc.  1S35,  Na  49. 
«  Lond.  and  Edm.  Phil  Mag.  1838. 
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Gulliver,^  Gluge,*  and  many  others  have  availed  themselves  of  the 
microscope  for  the  detection  of  pus  in  the  blood,  and  I  am  inclined 
to  believe  that  this  method  gives  the  most  certain  results.  The 
blood  contains,  in  addition  to  its  own  corpuscles,  the  so-termed  chyle- 
corpuscles,  which  are  one  half,  or  even  quite,  as  large  again  as  the 
blood-corpuscles.  They  do  not  possess  the  yellow  colour  of  the 
latter;  they  are  gray,  only  slightly  granular,  and  possess  a  sharp,  dark, 
circumscribed  edge;  their  rolling  motion,  on  inclining  the  stage  of 
the  microscope,  shows  that  they  are  perfectly  spherical,  and  they  do 
not,  like  the  blood-corpuscles,  dissolve  in  water.  If,  however,  the 
chyle-corpuscles  remain  in  contact  with  water  for  some  time  (from 
half  an  hour  to  an  hour,)  they  undergo  a  change;  they  increase  a 
little  in  size,  become  clearer,  their  edge  appears  less  sharp,  their 
shape  is  no  longer  spherical,  but  oblong  or  irregular,  and  they  become 
more  distinctly  granular,  or  else  dark  points  become  apparent  in  the 
interior,  as  indications  of  nuclei.  In  this  condition  the  chyle-corpus- 
cles may  be  easily  mistaken  for  pus-corpuscles;  the  latter  are,  how- 
ever, usually  rather  larger  than  the  tumefied  chyle-corpniscles,  and 
they  are  paler,  their  edge  is  granular,  or  tuberculated,  and  often  very 
uneven,  their  shape  is  round,  or  oblong,  occasionally  irregular,  and 
they  appear  slightly  granular  in  the  interior,  indicating  from  three 
toi  five  nuclei.  In  very  many  cases  we  see  two,  three,  five,  or  everi 
more  pus-corpusdes  lying  closely  attached  to  each  other,  while  the 
chyle-corpuscles  almost  always  swim  about  separately.  By  this 
means  I  have  recognised  pus  in  the  blood,  both  when  it  has  been  arti- 
ficially placed  there,  and  on  analyzing  the  blood  which  I  took  from 
the  inflamed  vein  of  a  person  who  had  died  from  phlebitis. 

In  one  instance,  in  which  I  found  a  considerable  quantity  of  pus 
in  the  blood,  taken  from  the  inflamed  vein  in  a  case  of  traumatic 
phlebitis,  I  could  detect  no  traces  of  pus  in  the  blood  taken  from  the 
vena  cava  and  from  the  heart 

This  is  all  that  I  can  state  from  my  own  experience  regarding  the 
detection  of  pus  in  the  blood. 

VI.   ANIMALS  IN  THE  BLOOD. 

Early  authors  speak  of  living  animals  in  the  blood.  Dr.  Chiaje,^ 
of  Naples,  has  recently  stated  that  he  found  the  polystoma  sanguicu- 
lum  in  the  expectorated  blood  of  two  phthisical  patients  who  were 
attacked  with  haemoptysis.  Some  of  these  small  flat  worms,  which 
are  similar  to  leeches,  were  floating  about  in  the  serum,  others  at- 
tached themselves  to  the  sides  of  the  vessel.  Chiaje  characterizes 
the  polystoma  in  the  following  terms:  "Corpus  teretiusculum,  seu 
depressum,  pori  sex  antici  ventrales,  et  posticus  solitarius;  habitat  in 

*  Op.cit 

s  Fragmeote  mr  Pattiologie  des  Blutes.    A  natomigch-  MikroAopwcbe  Untenuchungen. 
Heft  1.  J839. 
>  Omodei,  Aimali  onifcnal.,  Oct  1837. 
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venoso  systemate  hominis,  et  praesertim  in  ejusdem  pulmonali  pa- 
rench3anate/' 

[Dr.  Goodfellow  has  lately  recorded  a  case  in  which  an  immense 
number  of  animalcula  were  found  in  the  blood  of  a  fever-patient 
They  varied  in  length  from  l-5000th  to  1-dOOOth  of  an  inch,  and  in 
diameter,  which  was  the  same  throughout,  from  l-40,000th  to  1-20, 
000th  of  an  inch.  A  singular  case  was  observed  by  Mr.  Bushman, 
in  which  worms  of  about  half  an  inch  in  length  were  found  in  the 
blood  of  a  boy  labouring  under  influenza. — AncelPs  Lectures  on  the 
Blood.     <  Lancet'  1840,  p.  778.] 


SUPPLEMENT. 

The  following  analyses  of  the  blood  of  a  pregnant  woman  (in  her 
fifth  month,)  and  of  menstrual  blood,  could  not  be  naturally  inserted 
among  either  of  our  four  forms  of  diseased  blood,  and  will  find  a  pro- 
per place  in  a  supplement 

The  blood  of  the  pregnant  woman  formed  a  slight  bufiy  coat,  but 
otherwise  difiered  in  no  respect  physically  from  normal  blood. 

It  was  composed  of: 

Analytit  45. 


Water  -       .       -       - 

806-898 

Solid  oonstitiientB  • 

193-108 

Fibrin  .       -       -       - 

2*108 

Fat       -        -        -        - 

3O40 

Albumen      .       .       . 

72-800 

Hsmato-^obnhn  • 

96-900 

Kztmctive  matten  and  a 

its    -           7-980 

The  chief  point  of  difference  between  this  and  normal  blood  is 
that,  in  this  case,  the  amount  of  solid  constituents  is  somewhat  below 
the  standard.  The  proportion  of  the  haemato-globulin  to  the  albumen 
is  normal;  the  quantity  of  fat  is  rather  increased. 

[Becquerel  and  Rodier  analyzed  the  blood  of  nine  pregnant  wo- 
men, viz.  one  at  the  fourth  month,  five  at  the  fifth  month,  one  at  five 
months  and  a  half,  one  at  six  months,  and  one  at  seven  months. 

The  maxima,  minima,  and  mean  results  are  given  in  the  following 
table: 


Density  of  defibrinated  blood 

Density  of  serum  - 

Water 

Fibrin         .        -        - 

Albumen     .       •       - 

Blocd-corpusdes   - 

Extractive  mattera  and  salts 

Fat     -        -        -        - 
Consisting  of— Serolin 

Phosphorized  fat 
Cholesterin 
Saponified  &t 


Mean. 

Max. 

Min. 

1051-5 

ias5-i 

1046-2 

1025-5 

1026-8 

1023-6 

801-6 

3-5 

4-0 

2-5 

661 

68^ 

624 

111*8 

1271 

87-7 

6^ 

8-7 

47 

1-922 

2-519 

M58 

variable 

0-108 

0018 

0-646 

0-863 

0^1 

0O61 

0-225 

0O30 

Md5 

1-323 

0-737 
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The  salts  in  1000  parts  of  blood  consisted  of: 

Chloride  of  sodium       ...  3-12  3-9 

Otiwr  Mluble  nlte        ...  S^4  2-8 

Pbonbates  ....  0-4!;25  (H>90 

Irao (H49  0*490 


2>3 
1-8 
0-282 
0-370 


From  these  analyses  they  conclude  that  pregnancy  exercises  a 
marked  influence  on  the  composition  of  the  blood.  The  density 
both  of  the  deiibrinated  blood  and  of  the  serum  is  diminished,  the 
water,  the  fibrin,  and  the  phosphorized  fat*  are  increased,  while  the 
corpascles  and  the  albumen  are  diminished.] 

The  menstrual  blood  was  obtained  at  a  period  at  which  it  contained 
no  epithelium  scales.  It  did  not  coagulate;  it  contained  some  vagi- 
nal mucus,  but  it  was  not  putrid  or  oi  an  unpleasant  smell. 

It  was  composed  of: 

AnalTflis  46. 
78^000 


Water 

Solid  ooDititiienti 

Fat     .       -       - 

Afimmen     - 
Hemato-giohulin  • 
Extncttve  matters  and  nits 


Sl&OOO 

2*580 

7G'540 

120-400 

8-600 


The  most  striking  peculiarities  of  this  blood  are,  the  total  absence 
of  fibrin,  and  the  increase  of  the  solid  constituents  caused  by  the  ex- 
cess of  the  blood-corpuscles.  The  haemato-globulin  was  found  to  be 
very  rich  in  haematin,  combined,  undoubtedly,  with  a  considerable 
amount  of  haemaphssin;  the  colouring  matter  amounted  to  8*3^  of  the 
haemato-globulin. 

[In  an  analysis  made  by  Denis,  and  quoted  by  Raciborski  in  his 
Enay  on  Menstruation,  (in  I'Experience,  No.  333,)  the  menstrual 
fluid  was  found  to  consist  of: 


Water    . 

Solid  constituents     . 

Fibrin     ... 

Phosphorized  hi 

Albumen, 

Blood-cotposdes 

Mucus    •       •       • 

Osmazonie  and  cruorin 

Soluble  salts     - 

Earthy  phos|ihates  and  carbonates 

Pennudeof  iron       r       -       • 


8^0 

175-0 

U-5 

3-9 

43-3 

69^ 

45-3 

J-1 

9-5 

2^ 

0-5 


Rindskopf  analyzed  the  menstrual  discharge  of  a  vigorous  and 
healthy  girl.     It  was  extremely  acid,  and  contained: 

lit  Analytis 


Water 
Solid  residue 
Salts 


it  Anaiytii 

82O830 

179-170 

10-150 


Water 

Albumen  and  hcmato-globulin 
£xtrBctiire  matters  and  salts    - 


Sd  Analytis. 

8SBS&2 

156-457 

2r>e6i 


Vogel  analyzed  the  menstrual  discharge  in  the  case  of  prolapsed 
uterus.     It  was  of  an  intensely  red  colour,  thick,  and  viscid:  it  did 

*  The  phosphorized  fat  is  always  abundant  in  impoverished  blood. 
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not  coagulate,  but,  after  standing  for  some  time,  a  colourless  serum 
separated.  The  fluid  obtained  at  the  commencement  of  the  flux 
yielded  83*9  parts  of  water  and  16*1  of  solid  materials,  and  that  ob- 
tained near  the  termination  yielded  83*7  of  water  and  16-3  of  solid 
materials.  The  serum  contained  93*53  parts  of  water  and  6^7  of 
solids,  of  which  0-64  were  fixed  salts.  There  can  be  little  doubt  that 
there  is  fibrin  in  the  menstrual  secretion;  its  determination  is,  how- 
ever, usually  rendered  impossible  by  the  presence  of  a  large  amount 
of  mucus,  which  seems  to  deprive  Uie  blood  of  its  power  of  coagu- 
lating. 

Lochial  discharge.  Scherer  has  carefully  investigated  this  subject 
The  following  is  a  summary  of  his  results. 

During  the  first  day  the  discharge  was  of  a  brownish  red  colour, 
viscid,  formed  no  coagulum,  but,  when  collected  in  a  vessel,  threw 
down  a  slimy  deposit,  consisting  of  normal  blood-corpuscles,  with 
which  a  few  partially-dissolved  and  broken-up  corpuscles,  together 
with  mucus-corpuscles  and  epithelium  scales  were  interspersed.  The 
supernatant  serum  was  clear  and  yellow,  and  the  microscope  revealed 
in  it  a  large  number  of  fat-vesicles.  It  was  devoid  of  odour,  perfectly 
neutral,  and  contained  in  1000  parts: 

Water         ....       740 
Solid  eootdtnenti         -  5160 

On  the  second  day  there  were  stilt  blood-corpuscles,  but  they  were 
fewer  and  less  perfect,  most  of  them  being  irregular  and  indentated 
at  the  edges;  there  were  mucus-corpuscles  and  epithelium  scales, but 
in  less  number  than  on  the  preceding  day.  The  fluid  still  deposited 
a  viscid  sediment,  but  the  serum  was  more  highly  coloured  than  on 
the  previous  day.  The  reaction  was  neutral;  there  was  a  faint 
odour.     1000  parts  consisted  of:  * 

Water       ....        612^ 
Solid  ooDititueQte      -       -        187*8 

The  residue,  on  incineration,  yielded  9*35  of  alkaline  ferruginous 
ash. 

On  the  third  day  the  secretion  resembled  arterial  blood.  The 
blood-corpuscles  were,  for  the  most  part,  perfect,  and  normal  mucus- 
corpuscles  were  observed. 

In  1000  parts  there  were: 

Water         ....        760 
Solid  canatituenti  -       •       •       910 

The  ash  amounted  to  12*2.  There  was  an  appreciable  quantity  of 
fibrin  in  this  day's  secretion,  arising  possibly  irom  a  slight  haemor- 
rh^ic  efiusion. 

On  the  fourth  day  the  secretion  was  of  a  dirty  brown  colour,  the 
corpuscles  were  more  or  less  injured,  and  there  was  a  distinct  odour 
of  ammonia.  There  were  numerous  mucus-corpuscles,  but  no  epi- 
thelium. 1000  parts  yielded  191  of  solid  residue,  and  9*5  of  alkahne 
salts. 


BLOOD.  977 

On  the  fifth  day  the  discharge  was  of  a  greenish  yellow  colour;  it 
contained  very  few  blood-corpuscles,  most  of  which  were  more  or 
leas  injured,  but  numerous  mucus-corpuscles  arranged  in  groups  of  5 
— 10  together.  The  reaction  of  the  fluid  was  alkaline,  there  was  a 
strong  odour  of  ammonia,  and  1000  parts  yielded  93*5  of  solid  re- 
sidue. 

On  the  sixth  day  the  fluid  was  of  a  brown  colour,  smelled  like 
putrid  cheese,  and  developed  ammonia  freely.  1000  parts  gave  76 
of  solid  residue.  For  other  analyses  and  further  information  on  this 
subject  the  reader  is  referred  to  '  Scherer's  Chemische  und  Mikros- 
kopische  Untersuchungungzur  Pathologic.'     Heidelberg,  1843.] 

Blood  of  animals. 

In  addition  to  the  12  analyses  of  horses'  blood  which  have  already 
appeared,  I  may  communicate  the  three  following: 

Analyas  47.  Analysis  48.         Analyns  49. 

Water 600-SG2  818*900  808-809 

Solid  ooDstitiieDtB        -        •        -  199-437  181M00  191191 

Fifariii 4747  THOO  9K)11 

Fat 5-149  2^14  4*8a) 

Abamen 62>27G  69-140  109-74O 

llmato^lobiilm        -        -        -  J0O-S91  90100  58-960 

Extmcthe  matten  and  salts         -  12-454  12-310  14-650 

The  blood  In  all  these  analyses  was  taken  from  horses  sufiering 
from  malleus  humidus.  Analyses  48  and  49  refer  to  the  same  horse, 
but  in  the  latter  case  the  animal  was  kept  for  four  days  without  food, 
being  merely  allowed  water  during  that  period.  Taking  into  con- 
sideration the  deprivation  of  nutriment,  we  cannot  help  Reeling  sur- 
prised at  the  large  amount  of  solid  constituents  that  occur  in  this 
analysis;  it  can  only  be  explained  by  supposing  that  a  larger  amount 
of  fluid  was  removed  from  the  blood  by  secretion  and  excretion 
than  was  supplied  to  it  by  the  drink.  Another  peculiarity  is  in  the 
increase  of  flbrin  and  of  fat,  and  the  diminution  of  blood-corpuscles; 
this  change  may,  however,  be  readily  explained,  for  as  long  as  the  or- 
gans of  respiration,  secretion,  and  excretion,  continue  to  discharge  their 
functions,  the  blood  must  obviously  be  changed  bythem,and  this  change 
will  especially  afiect  the  corpuscles.  The  horse  passed  little  urine 
during  this  time,  but  this  little  was  tolerably  saturated.  It  was  by 
no  means  strong  at  the  commencement  of  the  experiment,  but  at  its 
termination  it  was  much  exhausted,  and  the  respiration  became  gasp- 
infl^     The  blood  formed  a  very  strong  inflammatory  crust 

The  blood  of  a  healthy  ox,^  and  of  a  healthy  calf,  yielded  the  fol- 
lowing results: 


1  Benefias  (ThknJiemie,  p.  98)  found,  in  the  serum  of  the  l)lood  of  oxm— water,  905,  al- 
bumen, 80,aDnmiMite  of  soda  and  lactate  of  potash,  0-2,  chloride  of  potassium,  2^,  and  modi- 
fied alramen  wifii  caihonate  and  phosphate  or  potash,  1  5. 
24 


916 


ciBCULATur«  rLtnos. 


AnalyaaSO. 

AnftfymSl. 

Water 

795K)00 

777'279 

Sobd  ooQititueDts 

.       .       20&000 

2xyr2\ 

Fibrin 

— 

MOO 

Fat      -       •       •       • 

.       -           &690 

4-191 

AUnimeo     • 

d5K)50 

83-925 

Hamato-globiiKn 

91-710 

10&925 

Extnctive  matlera  and  Mka   •         1M81 

24*444 

In  the  former  of  these  analyses,  the  fluid  which  was  examined, 
was  a  mixture  of  arterial  and  venous  blood,  from  which  the  fibrin 
had  been  previously  removed:  in  the  latter  case  the  extractive  matter 
was  not  separated  from  haematin.  The  number  105-925  represents 
the  globulin  perfectly  free  from  colouring  matter. 

[Andral,  Gavarret,  and  Delafond,  have  published  a  valuable  essay 
on  the  blood  of  some  of  our  domestic  animals  in  health  and  disease. 
They  made  no  less  than  222  analyses  of  the  blood  of  155  animals, 
viz.  41  analyses  of  the  blood  of  dogs,  31  of  horses,  110  of  sheep,  3  of 
goats,  23  of  oxen  and  cows,  and  7  of  swine. 

In  order  to  give  an  idea  of  the  composition  of  the  blood  in  the 
difierent  species  of  animals,  we  shall  communicate  the  avera^,  maxima 
and  minima  numbers  that  were  obtained.  For  the  principles  on 
which  the  analyses  are  founded,  see  p.  199.  Analyses  of  the  blood 
of  17  horses  gave  the  following  results: 

l-corpiMClet. 
10»9 
112-1 
81-5 


Mean 

Mauniuni  • 
Minimum  • 


flbrio. 
4-0 
&0 
30 


Blood-con 


RetidiM  of  •eram. 
8»6 
91-0 
74-6 


Water. 
810« 
833-3 
796-7 


Analyses  of  the  blood  of  14  neat  cattle  yielded: 

Bood-onriNintot.      Retldae  ofKnim. 
99-7  86-3 

93-6(1) 


Mean 

Maximmn  - 


Fibrin. 
3-7 
4-4 


Mmimum  * 


30 


1171 

e&i 


820 


Water. 
810-3 
8^14-9 
7990 


The  mean  results  of  the  blood  of  6  bulls  (1,)  and  of  an  equal  num- 
ber of  milch  cows  (2,)  indicated  no  important  differences. 


Fibrin. 
30 
3« 


Blood -oorpaadee. 

97-4 

101-9 


iii:   :   : 

Analyses  of  the  blood  of  6  swine  of  the  English  breed  yielded: 


Retidaa  of  Mrum. 
8&-8 
8&8 


Water. 
8134 

807« 


Mean 

Maximum  • 
Minimmn  - 


Fibrin.  Blood*€orimKlei. 

40  10&7 
50                 120O 

41  92-1 


The  blood  of  2  goats  gave: 


Mean 

Maximmn  • 
Minimmn  - 


Fibria.  Blood-eorpueelet. 
34  101-4 

3-5  105-7 

20  97-2 


Residue  of  ferum.  Water. 

80-1  80»0 

88-7  8160 

rjO  793-9 


Reiidae  ofterum.  Water. 

91-4  804O 

920  8094 

90«  798-8 


Sheep  of  various  breeds  appeared  to  difier  slightly  in  the  composition 
of  the  blood. 
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Analyses  of  the  blood  of  1 9  sheep  of  the  Rambouillet^  breed  yielded : 

Fibrin.  Blood-enrpasclcf.  Resldne  of  ■enim.  Water. 

Metfi         •        -        3-1  98-1  83^  81&3 

Maximum  -        •        3^  109^  9&6  830-3 

Minimmn  -        -        '4^6  82-5  74-7  808-7 

The  blood  of  11  sheep  of  a  crossed  variety,  (the  Naz-Rambouillet 
breed,}  yielded: — 

Fibrin.  Blood  corpuselef.  Besldue  of  ■erum.  Water. 

Meui         •        -        2-8                 lO&l                      80-3  810-8 

Mazlmmn  -        -        3-4                 123-4                      87-7  827-2 

Minimmn  -       -       2-3                  94-6                     74-7  7898 

The  mean  results  from  the  blood  of  these  30  sheep  were: 

Fibrin.  Blood-corpuacles.       Keaidne  of  itrvni.  Water. 

3-0  lOl-l  82-4  813-5 

The  blood  of  13  English  sheep  yielded  somewhat  different  re- 
sults: 

Fibrin.  Blood-eorpuaelea.  Eeaidoa  of  aenun.  Water. 

Mean         .       .       2<)  950  92-4  810-0 

Maximmn  -        .        3-3  110-4  97-0  822*1 

Minimmn  •        •        20  83rQ  820  796-3 

From  the  blood  of  16  dogs'  they  obtained: 

Fibrin.  Blood-corpuiclefl.  Sealdae  of  aerum.  Water. 

Mean         -        •        2-1  148-3  75-5  774-1 

Maximum  -        -        3-5  17&6  88*7  795-5 

Minimum  -       •        1-6  127-3  60-9  744-6 

The  blood  was  found  to  offer  considerable  differences  in  breeding 
animals  before  and  after  delivery: 

Fibrin.       BkxNi-corpaiclea.       Reaidae  of  aerum.    Water. 

Sheep  36  houre  before  deliveiy  -  2*3  95-0  81-7  821-0 

"      66  houra  after  deliveiy     -  3H)  106-2  78'2  812^ 

24  houra  before  delivery  •  2-9  92-9  84-5  819-7 

72  hours  after  deliveiy     •  3-5  102-6  86-3  807-6 

Cow  5  days  before  deUveiy        -  3-7  90O  75-2  830-2 

**    3  days  after  deUveiy  -        -  5-1  98-8  73*7  822-4 

That  the  blood  of  the  lamb  differs  considerably  from  the  blood  of 
the  parent  sheep,  is  obvious  from  the  following  analyses: 

Fibin.  Blood  corpuaclea.  Reaidue  of  aerum.  Water. 

Male  lamb,  aged  3  hours     •        -    1-9                 108-6                       63-3  826-2 

«            24  hours     -        -    1-9                 117-0                        74-2  806-9 

48  hours     -        -    2-5                 103-3                       80-7           '  813-5 

96  houre     .        -    3-0                 1091                       68-6  819-3 

The  maxima,  minima,  and  average  numbers  quoted  above,  are 
sufficient  to  prove  that  the  blood  of  different  species  of  animals  varies 
in  its  composition  from  that  of  man  and  of  each  other.  This  is  a 
point  of  no  slight  importance,  for  it  indicates  the  necessity  that  ex- 
ists for  the  determination  of  the  constitution  of  the  healthy  blood  in 
every  individual  class  of  animals  before  we  can  venture  to  draw  any 
conclusions  regarding  the  blood  in  a  morbid  state. 

1  A  variety  of  the  Merino  afaeepb 

*  Gmelin  (Handbucfa  der  theoretischen  Chemie,  voL  2,  p.  1387)  found,  in  the  arterial  blood 
of  a  dog — water,  898,  and  fibrin,  2-09;  the  dried  serum  contained,  albumen,  88'3,  and  aaUa^ 
11*7;  the  venous  blood  contained,  water,  843,  and  fibrin,  2-1 ;  the  dried  residue  of  the  serum 
oooaisting  of  albumen,  87-5,  and  salts,  12-5. 


a 

14 
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The  mean  amount  of  fibrin  in  one  class  of  animals  is  as  low  as  2*1, 
while  in  another  it  rises  to  4*6  per  mille,  one  being  considerably 
lower,  the  other  much  higher,  than  in  man. 

The  largest  amount  of  fibrin  observed  by  Andral,  Gavarret,  and 
Delafond,  was  in  swine,  the  maximum  being  50,  and  the  minimum 
4*1;  the  animals  were  from  2  to  6  months  old,  and  had  been  restrict- 
ed for  some  time  to  a  diet  of  horse-flesh.  In  a  two-year  old  sow 
that  had  been  fed  purely  on  vegetables,  and  was  very  fat,  the  fibrin 
did  not  exceed  4-0.  The  blood  of  horses  ranks  next  to  that  of 
swine  in  the  amount  of  fibrin,  the  observed  mean  being  4*0,  the 
maximum  5-0,  and  the  minimum  3*0.  Next  to  the  horses  come  neat 
cattle,  the  mean  amount  of  fibrin  in  their  blood  being  3*7,  the  maxi- 
mum 4*4,  and  the  minimum  3-0.  The  blood  of  the  bull  does  not 
contain  a  larger  amount  of  fibrin  than  the  blood  of  the  cow  or  the 
ox.  The  blood  of  the  Merino  sheep  contains  on  an  average  the 
same  amount  of  fibrin  as  human  blood,^  namely,  3*0;  in  the  blood  of 
English  sheep  a  smaller  amount  of  fibrin  was  obtained.  The  small- 
est quantity  of  fibrin  was  found  in  the  blood  of  dogs,  the  mean  being 
only  2*1,  the  maximum  3*5,  and  the  minimum  1.6.  The  minimum 
occurred  in  dogs  feeding  on  an  exclusive  animal  diet  From  these 
observations  it  is  evident  that  each  class  of  animals  contains  in  its  blood 
its  own  standard  amount  of  fibrin.  The  blood-corpuscles  are  found 
to  occur,  for  the  most  part,  in  an  inverse  ratio  to  the  fibrin;  that  is 
to  say,  in  blood  that  contains  a  large  amount  of  fibrin,  the  amount  of 
the  corpuscles  is  small,  and  vici  versd.  It  was  shown  by  special  ex- 
periments that  there  is  no  connexion  between  the  strength  of  the 
animal  and  the  amount  of  fibrin.  The  amount  of  fibrin  varies  consi- 
derably before  delivery  and  immediately  afterwards,  during  the  milk- 
fever;  in  the  former  case  it  is  at  its  minimum,  in  the  latter  it  attains 
its  maximum. 

The  amount  of  solid  residue  of  the  serum  varies  between  75-5  and 
92*4.  The  former  number  occurs  in  the  blood  of  the  dog;  the  blood 
of  swine,  oxen,  and  Merino  sheep,  contains  from  80*0  to  86  0,  and 
the  maximum  occurs  in  the  blood  of  the  English  sheep. 

The  investigations  of  these  chemists  relating  to  the  blood  of  do- 
mestic animals  in  a  morbid  state,  were  principally  confined  to  sheep 
suffering  from  watery  cachexia."  We  extract  the  following  analyses 
from  their  essay,  as  illustrative  of  the  changes  that  the  blood  under- 
goes in  pure  hydrsemia  without  any  complication. 

Fibrin.    Blood-corpuscles.       Residue  of  serom.    Water. 
A  5  year  old  riieepc  lat  Veneaection 
«  ad  44  . 

A  6  year  old  iheep:  lat  *" 

u  2d  **  . 

A  6  year  old  Aeep:  Ist  *^ 

"  2d  **  « 

3d  "       * 

«  4th  **  • 

'  Andral  and  Gavarret  alwaya  refer  to  Lecanv's  standard. 
'  Commonly  known  as  the  rot  , 


3-1 

44*8 

52-7 

89M 

3-0 

42^2 

60^ 

903^ 

3-5 

407 

69^ 

880-3 

3-5 

46K) 

70-7 

879-2 

2*8 

49*1 

69-1 

8890 

2« 

42-4 

55-9 

899-1 

2-9 

40-1 

56-1 

8981 

2-8 

67-7 

m-% 

ee^ 
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A  5  yetr  M  iheep:  Ist 

ad 

«*  3d 

«  4th 


tt 

.    2^ 

39-4 

63-4 

8M-8 

a 

-    3-3 

33*3 

65-8 

90&6 

ti 

-    30 

29-3 

52-1 

91&6 

u 

-    30 

14-2 

51-9 

930-9 

Fibrin. 

Blood>corpufclci. 

Residua  of  feram. 

Water. 

9^ 

32^ 

79-1 

8784 

6-4 

•  30O 

7»6 

8850 

12« 

39'5 

94-1 

853« 

10-4 

34*2 

69-1 

866-3 

8-7 

25-3 

92-3 

873-7 

5-7 

60-1 

99-1 

83&1 

4-3 

54-6 

9&9 

845-2 

The  sheep,  whose  blood  formed  the  subject  of  the  last  analyses, 
died  shortly  after  the  4th  venesection. 

In  those  cases  in  which  the  hydraemia  was  associated  with  in- 
flammatory aflfections,  the  blood  presented  very  different  characters, 
as  the  following  analyses  will  show : 

A  5  year  old  Aeep:  Ist  Veneaectioii 

a              2d  « 

A  4  year  old  rfieepc  Ist  ** 

a               2d  " 

«              3d  " 

A  4  year  old  Aeeip:  Ist  •< 

u             lid  « 

The  first  of  these  animals  had,  in  addition  to  the  hydraemia,  pneu- 
monia and  pulmonary  abscess ;  the  second,  acute  hepatitis  and  peri- 
tonitis; and  the  third,  acute  bronchitis. 

The  following  analyses  of  the  blood  of  sheep,  with  various  dis- 
orders, were  made  by  the  same  chemists: 

Sheep  with  acute  bronchitis  .... 
Ram  with  softened  tubercles  ... 

Sheep  with  tubercular  puknonary  cavity 

£we  with  acute  'metritis       -        -        -       - 
Sheep  with  chronic  peritonitis:  Ist  Venesection 

II  It  3j         t( 

They  remark  that  the  changes  which  the  blood  of  these  animals 
undergoes  in  disease,  precisely  correspond  with  those  of  human 
blood  in  similar  disorders.  Thus,  in  inflammatory  diseases,  there  is 
always  an  excess  of  fibrin,  and  they  observe  that  in  those  animals  in 
which  the  normal  mean  amount  is  highest,  the  fibrin  is  increased  in 
the  greatest  proportion;  thus  in  the  blood  of  a  cow  with  inflammation 
of  the  respiratory  organs,  the  fibrin  rose  to  13*0,  the  normal  amount 
in  that  animal  being  3S.  In  dogs  that  were  reduced  to  a  very  ana- 
mic  condition,  the  blood-corpuscles  fell  from  the  normal  mean  148,  to 
104,  and  even  down  to  83. 

Their  attention  was,  however,  principally  directed  to  the  watery  ca- 
chexia,or  rotin  sheep.  The  most  prominent  phenomena  of  the  disease 
were  extreme  debility,  paleness  of  the  mucous  membranes,  and  very 
frequently  serous  infiltration  of  the  conjunctiva,  and  of  the  cellular  tis- 
sue of  the  integumentof  the  feet.  No  albumen  was  detected  inthe  urine. 
From  27  analyses  made  with  the  blood  of  1 1  sheep,  they  conclude  that 
the  amount  of  fibrin  is  slightly  aSected,  but  that  the  blood- corpuscles  are 
excessively  diminished  ;  from  78,  their  normal  average,  they  fall  to  40, 
25,  and  even  14.     The  solid  residue  of  the  serum  is  diminished,  (a 

24* 


Blood. 

Residue 

ibrin. 

corpuscles. 

ofseram. 

Water. 

&2 

61-0 

109-4 

824-4 

4*4 

68*8 

101-8 

805*0 

&2 

64-5 

106-7 

822« 

&0 

100-7 

96-6 

796-7 

6*3 

100-4 

85-4 

807-9 

3-3 

t^'S 

57-6 

875-9 

3« 

58-6 

52^2 

885-8 

3-1 

52*8 

52-6 

891-5 

2S2 
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point  in  which  this  disease  difiers  from  chlorosis  in  the  human  sub- 
ject,) and  the  water  is  considerably  increased. 

The  deficiency  in  the  amount  of  blood«corpuscIes  appeared  to  vary 
with  the  progressing  weakness  of  the  animal.  By  proper  food,  and 
due  attention  to  atmospheric  influences,  the  corpuscles  were  ob- 
served to  increase;  in  one  instance  they  rose  from  49  to  64. 

From  14  analyses  of  the  blood,  in  which  this  affection  was  as- 
sociated with  inflammatory  disorders,  it  appeared  that  the  fibrin  in- 
creases, and  the  blood-corpuscles  diminish,  as  in  simple,  uncompli- 
cated inflammations. 

Lastly,  they  observed  that  when  venesection  was  frequently  had 
recourse  to  in  inflammatory  affections,  each  venesection  tended  to  in- 
crease the  amount  of  fibrin  and  of  water,  and  to  diminish  the  quan- 
tity' of  blood-corpuscles. 

The  following  are  the  results  of  the  first  and  last  venesections  of  a 
horse  that  was  bled  seven  times  in  24  hours: 

Tlie  Iflt  VeneKftion  gave    - 
7th 

Nassc  has  likewise  taken  up  this  subject  since  the  publication  of 
Simon's  Chemistry. 

In  the  following  analyses,  which  are  extracted  from  his  paper,  the 
extractive  matters  of  the  blood  and  the  insoluble  salts  appear  to  be 
included  with  the  albumen : 


Fibrin. 

Blood -cnrpatrlet. 

Retidne  of  ■erum. 

Wat«r. 

31 

104-U 

90-8 

&0»\ 

7-6 

2»2 

60-1 

894-2 

Dog  - 

Cat 

Horae  - 
Ox 

Calf  - 

Goat  - 

Sheep  - 

Rabbit  - 

Bwine  • 

Goose  - 

Hen  - 


Water. 
790-50 
8I0K)2 
804-75 
799*9 
8*JG-7l 
639-44 
fcj27-76 

617-30 
768-94 
814*88 
793SM 


Fibrin. 
J-93 
SMS 
2-41 
3-62 
5-76 
3-90 
2-97 

3-80 
3-95 
3-46 
4-67 


Far. 
2-25 
2-70 
1-31 
2K)4 
1-61 
0-91 
1-16 

1-90 
1*95 
2-56 
2H)3 


nood-corpa»clet.    Albom^n. 


J  23-85 
113-39 
117-13 
121-86 
102-50 
8GKK) 
92-42 


65*19 
64-46 
07-85 
6&90 
56-41 
62-70 
68-77 


170-72 


145-35 
121-45 
144-75 


72-78 
50-78 
48^ 


Bolable  rallf. 

7-01 
G-82 
5-96 
7-00 
7-04 
6-91 

»«S 
6-74 
6«7 
G-97 


The  following  table  represents  the  composition  of  the  soluble  and 
insoluble  salts  occurring  in  1000  parts  of  the  blood  of  these  animals: 


Solmbh  $mlU: 


Dog  - 

Cat   - 

Hone 

Ox    - 

Cdf  - 

Goat 

Sheep 

Rabbit 

Swine 

Oooae 

Hen  - 


Alkaline 
phomhatea. 
0-730 

0-844 
0468 
0^7 
0*402 
0-395 
0€37 
1-362 
1-135 
0-945 


Atk«line 

Alkaline 

■ulplMtes. 

carbonates. 

0-197 

0-789 

0-210 

0-919 

0-213 

1-104 

0-181 

1-071 

W»69 

1-263 

0^K5 

1-202 

0-348 

1*498 

0-202 

0-970 

0-180 

1-196 

0O90 

0«M 

0-100 

0-360 

Chlorida 
of  sodium. 
4-490 
5-274 
4-659 
4-321 
4-864 
6-176 
4-695 
4-092 
4-281 
4-246 
5-392 


The  insoluble  salts  were  found  by  Nasse  to  be  combinations  of 
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peroxide  of  iron,  Iime«  magnesia,  silica,  and  phosphoric  and  sulphu- 
ric acids.     The  nnagnesia  and  silica  were  not  determined  quantita- 
tively. 
In  1000  parts  of  blood  there  were : 


Cat 

liont 

Or 

Calf 

Goat 

Sheep 

Swine 

Goose 

Hen 


IntiflMhle  $aUi : 

Peroiide  of  iron. 

Lime. 

Pbo«phorie  acid. 
Otf08 

• 

-        0-714 

0-J17 

• 

0*516 

0136 

0-263 

. 

0-786 

01 07 

0123 

. 

0-731 

O008 

0.123 

- 

0-631 

0-130 

O109 

. 

0641 

0-110 

0-129 

. 

0-589 

0-107 

0-113 

. 

0782 

0-085 

0-206 

. 

0&\2 

0-120 

0119 

. 

0-743 

0-134 

0^35 

Sulphuric  acid. 
0013 
0K)22 
0K)26 
0*018 
0O18 
O023 
O044 
0O41 
0-039 
OOIO 


A. 

B. 

C. 

952H)0 

932-30 

916O0 

2-75 

3^ 

3-90 

0-23 

0-^ 

0-30 

10-20 

23-40 

31-25 

27-52 

3202 

39*45 

7-30 

819 

7-10 

The  only  animals  in  a  state  of  disease  whose  blood  was  analjrzed 
by  Nasse  were  sheep  with  chronic  rot  (hydramia  or  watery  ca- 
chexia,) and  horses  with  the  glanders.  The  blood  of  three  sheep  af- 
fected with  the  disease  in  question  gave  the  following  results: 

Water 

Filnin 

Fat     - 

Bkwd-coipaades 

Albomen 

Soluble  aaltB 

The  sheep  a  was  very  much  reduced,  and  the  blood  had  much  the 
appearance  of  reddened  serum.  There  was  effusion  into  the  peri- 
toneum. The  sheep  b  was  pregnant,  and  in  bad  condition;  while 
the  sheep  c  had  been  delivered  about  10  weeks  previously,  and  had 
been  since  attacked  with  dropsy.  The  salts  were  determined  indi- 
vidually, but  they  presented  no  peculiar  deviation  from  the  normal 
standard. 

The  following  analyses  refer  to  the  blood  of  two  horses  a  and  b, 
suffering  from  chronic  ozcena  (the  glanders:) 


Water 

Fibrin  -        • 
Biood^ofpCMclea 
Albomen  and  &t 
Sohibfeaalta 

The  individual  salts  did  not  differ  in  any  remarkable  degree  from 
the  normal  standard. 

We  have  already  had  occasion  to  refer  to  the  labours  of  Enderlin, 
in  connexion  with  the  chemistry  of  the  blood.  He  has  recently  pub- 
lished the  following  analyses  of  the  ash  of  the  blood  of  various  ani- 
mals, which  are  confirmatory  of  the  views  to  which  we  have  more 
than  once  alluded,  respecting  the  non-existence  of  lactates  in  the 
blood. 

The  analyses  are  calculated  for  100  parts  of  ash: 


A. 

B. 

1. 

S. 

3. 

1.                s. 

.       -        833K)0 

860-00 

842-00 

859O0        816(M) 

.       .           8-90 

7-50 

fr60 

8-70           7-90 

65-50 

43-30 

68  20 

44-20         88-50 

86-58 

83-68 

76-70 

82^         81-65 

6-02 

5-52 

6-50 

5-38           &95 
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Calf. 
30-180 

52-650 

293(5 

3-4iK)) 
9'2775 


Sheep. 
13296 

6&570 

5-385 


13-920) 
0^29^ 


Haie.1 
8&655 

50-324 

3-721 


16509 


Sails  soluble  in.  ioaUr: 

Ox. 
Tribasic  phosphate  of  Boda  (3  NaO,  PO.)  16-769 

Chloride  of  sodium         ....         59-340) 
Chloride  of  potassium      ....  6*120) 

Sulphate  of  soda 3-b55 

SalU  insolublB  in  water : 

Phosphates  of  lime  and  masnesia  •  4-190 

Peroxide  of  iron  and  phosphate  of  ditto     -  8-277 

Sulphate  of  lime  and  loss         ...  1*449 

The  alkaline  carbonates  in  Nasse's  analyses  are  easily  accounted 
for  by  Enderlin's  explanation  of  the  action  of  the  atmosphere  on  the 
tribasic  phosphate  of  soda.] 

I  have  analyzed  the  blood  of  the  carp  and  of  the  tench.  In  both 
fishes  it  was  tolerably  clear,  contain^  oil-globules  visible  to  the 
naked  eye,  formed  a  loose  gelatinous  clot,  from  which  scarcely  any 
serum  separated,  and  yielded,  on  whipping,  a  viscid  sort  of  fibrin, 
possessed  of  little  tenacity,  and  which,  on  the  addition  of  water,  se- 
parated into  minute  flocculi,  consisting  (according  to  microscopic  in- 
vestigation) of  granular  masses  and  of  minute  vesicles  far  smaller 
than  the  nuclei  of  the  blood-corpuscles.  The  blood  coagulated  im- 
perfectly on  boiling,  and  was  remarkable  for  its  small  amount  of 
haemato-globulin.  The  blood  of  bv/o  variabilis  presented  exactly 
similar  phenomena;  but  on  a  chemical  examination  it  was  found  to 
be  richer  in  solid  constituents,  especially  in  albumen,  than  the  blood 
of  fishes.  It  was  impossible  to  form  a  quantitative  determination  of 
the  fibrin  or  of  the  colouring  matter  in  the  blood  of  these  animals, 
in  consequence  of  the  aplastic  character  of  the  former  constituent, 
and  the  minute  quantity  of  blood  that  could  be  obtained. 

The  analyses  gave: 

Analyds  52. 


Water  - 

Solid  constituents 

Fibrin    - 

Fat       -        - 

Albumen 

Hfemato-globulin 

Extractive  matters  and  salts 


Carp*i  blood. 

872KK)0 

I2&(m 

a  trace 

2-967 

83-850 

24-635 

6-129 


Anal]rsis53. 

Ana]yaB54. 

Blood  of 

Tench*t  blood. 

bafo  variabilis. 

900000 

848-200 

lOOOOO 

151-800 

a  trace 

a  trace 

4-670 

•     9-607 

68-HOO 

112-330 

15-650 

29-753 

2-770 

2-429 

On  boiling  the  dried  residue  of  the  blood  with  spirit,  after  the  re- 
moval of  the  fat,  I  obtained  tinctures  of  a  deep  red  colour,  such  as 
would  have  been  yielded  by  the  blood  of  the  mammalia,  but  they  dif- 
fered in  this  respect,  that  they  did  not  become  turbid  on  cooling, 
and  the  haemato-globulin,  instead  of  being  deposited  in  flocks,  had  to 
be  determined  by  evaporation.  As  the  fiesh  of  these  animals  difiers 
from  that  of  the  mammalia,  it  is  by  no  means  impossible  that  there 
are  corresponding  difierences  in  the  globulin  and  haematin.  The 
large  amount  of  albumen  in  the  blood  of  bit/o  variabilis  may  pcr- 

*  In  another  analysis  he  found  bibesic  phosphate  of  soda. 
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haps  be  attributed  to  the  unavoidable  mixture  of  the  blood  with 
lymph,  and  perhaps  with  mucus. 

Dumas  and  Prevost  analyzed  the  blood  of  numerous  animals.  The 
blood  was  allowed  to  coagulate,  the  clot  and  serum  were  separately 
dried,  and  the  serum  that  remained  entangled  in  the  clot  was  de- 
ducted, and  added  to  the  scrum  that  spontaneously  separated.  The 
fibrin  was  not  determined. 


Ape:  8imia  Callitricfae 

Dog 

Cat 

Hora6 

Calf 

8heep 

Goat 

Rabbit 

Guinea  p^ 

Rai«n 

Heron 

Dock 

Hen 


Water. 

Solid  conttitaenu. 

Blood-corpuKlet. 

Residue  of  ■eram. 

776^ 

2tU-0 

1401 

77-9 

810-7 

189-3 

123-8 

05-5 

796-3 

204-7 

120-4 

84-3 

818-3 

181-7 

920 

89-7 

82(r0 

174-0 

91-2 

82*8 

829-3 

170-7 

93-5 

77-2 

814-6 

185-4 

102O 

83-4 

837-9 

162-1 

93-8 

68-3 

784-8 

215-2 

1280 

87-2 

797-0 

203-0 

1460 

56-4 

808-'2 

191-8 

1320 

59-2 

765-a 

234-8 

150-1 

84-7 

779^ 

220-1 

157-1 

63-0 

797-4 

202-6 

155-7 

46-9 

863-7 

136-3 

68-8 

72-5 

886-2 

113-8 

46-1 

65-7 

8460 

154*0 

60O 

94-0 

778-8 

221-2 

150O 

80O 

884-6 

115-4 

690 

46-4 

Tront 

Eelpoot 

Eel 

Land  tortoiae 

Frog 

[We  have  already  alluded  to  the  occurrence  of  animalcules  in  hu- 
man blood  :  in  the  blood  of  the  lower  animals  such  cases  are  very 
frequently  observed. 

Cercaria  have  been  discovered  in  the  blood  by  Mayer,  and  in  his 
^Dissertatio  de  Organo  Electrico  et  de  Haematorosis;  Bonn.  1843,' 
he  mentions  the  following:  (1,)  Paramoecium  loricatum  s.  costatum, 
in  frogs;  (2,)  Amoeba  rotatoria  in  fishes.^  Polystoma-like  animal- 
cules were  described  by  Schmitz  as  occurring  in  the  blood  of  the 
horse.     (Dissertatio  de  Vermibus  in  Sanguine,  Berol.  1826.) 

Gruby  and  Delafond  have  described  a  peculiar  animalcule  of  fre- 
quent occurrence  in  the  blood  of  the  dog,  and  numerous  observers 
have  noticed  similar  phenomena  in  the  blood  of  the  horse  and  the 


The  Lymph. 

Our  knowledge  of  the  chemical  characters  of  the  lymph  is  very 
deficient  It  is  described  as  a  viscid  yellow,  gi^nish  yellow,  and 
occasionally  red  fluid,  devoid  of  odour,  possessing  a  slightly  saltish 
taste,  an  alkaline  reaction,  containing  from  3  to  5-7J  of  solid  con- 
stituents.   The  lymph  of  the  human  subject  is  described  by  Mtiller, 

t  Valentin  (Mu]fer*e  Aichiv.  1841,  p.  436,)  freauentlj  defected  this  animalcule  in  the  Mood 
of  the  salmon,  and  once  met  with  it  in  the  fluid  of  the  cerebral  ventricles. 
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Wurtzcr,  and  Nasse  as  clear  and  of  a  yellow  colour,  while  others  as- 
sign to  it  the  same  tint,  but  assert  that  it  is  opalescent  It  coagulates 
in  the  course  of  10  or  15  minutes  into  a  clear,  tremulous,  colourless 
jelly,  and  deposits  an  arachnoidal  coagulum  of  fibrin,  which  was  pre- 
viously held  in  solution,  as  in  the  liquor  sanguinis,  and  is  usually  co- 
lourless, although  Tiedemann  and  Gmelin  have  observed  it  of  a  red- 
dish tint.  The  fluid  left  after  coagulation  is  rather  thick,  resembles 
almond  oil  in  appearance,  and  under  the  microscope  exhibits,  even 
when  perfectly  clear,  a  number  of  colourless  corpuscles,  apparently 
smaller  than  human  blood-corpuscles,  and  far  less  numerous  in  it 
than  the  blood-corpuscles  are  in  the  blood.  (MQller.)  In  addition 
to  albumen,  the  serum  of  the  lymph  contains  extractive  matters  and 
salts:  the  latter  are  the  same  as  the  salts  of  the  blood. 
Gmelin  found  in  1000  parts  of  human  lymph: 

Water 961«0 

Solid  conititiients 39K) 

Fibrin 2-5 

Albumen        ......  37*5 

Chloride  of  ndium,  pho^)hate8  of  poCaih  and 

■oda,  and  nli^aiy  metier      ...  8>l 

mattera  and  lactate  of  aoda        •  6^ 


Marchand  and  Colberg  have  analyzed  lymph  obtained  from  a 
wound  on  the  dorsum  of  a  man's  foot     They  found  in  it: 

Water 909^6 

Solid  coDidtiienti 90-74 

Fibrin &20 

Albamen 4*34 

EztrKtiire  matter 3*12 

Fluid  and  cnratalline  iat          -        -       -  2^ 
Chlorides  ofiodium  and  potaarium,  alkaline 
sulphates  and  caiixxiates,  sulphate  and 

phosphate  of  lime,  and  peroxide  of  iron  15*44 

The  amount  of  fibrin  has  doubtless  been  overrated  in  both  these 
analyses,  since  the  coagulum  contains  lymph-corpuscles,  and  some 
albumen,  in  addition  to  that  constituent.  In  Marchand's  analysis  it 
amounts  to  double  the  quantity  in  healthy  blood.  The  quantity  of 
albumen  is  also  incorrectly  stated,  for  a  fluid  containing  '43  J  of  albu- 
men does  not  perfectly  coagulate  on  heating,  as  this  fluid  is  reported 
to  have  done,  but  merely  becomes  turbid,  and  deposits  a  few  flocculi. 
The  salts  in  Marchand's  analysis  amount  to  more  than  double  the 
amount  in  the  blood. 

[L'Heretier  (Traitfe  de  Chimie  Pathologique,  p.  18,)  analyzed  the 
lymph  obtained  from  the  thoracic  duct  of  a  man  who  died  from  soft- 
ening of  the  brain,  and  who  took  nothing  but  a  little  water  for  30 
hours  preceding  his  death.     It  contained  in  1000  parts. 


Water     - 

-       994*36 

Solid  oonstitaento     - 

75«4 

Fibrin     • 

.       -           34W 

Fat         .        .        . 

.       .           &10 

Albumen 

.     .       eoos 

Salte 

.       .           8«5] 
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Dr*  Bees  his  published  an  analysis  of  the  lymph  taken  from  the 
absorbents  of  a  young  ass  immediately  after  death.  He  states  its 
constituents  to  be: 

Water 965*36 

Solid  raridue 34-64 

Fibrin 1-20 

Albumen 19O0 

Eztncd^  matter  aohible  m  afcohol  and  in  water    -  2*40 

Extractive  matter  soluble  in  water  only  -       -       •  13^19 

Salts &65 

Kat a  trace. 

The  salts  were  alkaline  chlorides,  sulphates,  and  carbonates,  wiih 
traces  of  phosphates,  and  of  peroxide  of  iron. 

Lassaigne  analyzed  lymph  collected  from  the  absorbents  of  the  neck 
of  a  horse.  He  found  in  it,  water,  925*00,  fibrin,  3*30,  albumen, 
57*36,  chlorides  of  sodium  and  potassium,  soda,  and  phosphate  of 
lime,  L434. 

[The  lymph  collected  from  the  absorbent  vessels  of  tlie  neck  of  a 
horse  has  been  recently  analyzed  by  Nasse.  He  obtained  in  1000 
parts: 

Water 960000 

Solid  residue  - 50000 

Albumen^  wtdi  fibrin       .       •       •       •  39*111 

Wate^eztrBCt 3-fl48 

Spirit-extract 0*877 

Alcohol-extrBct 0*755 

Ethereal  extract 0068 

Oleateofsoda 0*575 

Carbonate  of  soda 0-560 

Fhonhate  of  soda 0*190^5011 

Sulphate  of  potash 0-233 

Chloride  of  sodium 4*1S3 

Caibooateoflime 0-104' 

Phosphate  of  lime  with  some  inn     -       -  0*096  i  fv«in 

Caibooate  of  magnesia     ....  0O44  ^^^*^ 

Silica 0*067. 

It  yielded  no  microscopic  indications  of  urea.  Nasse  compared 
the  lymph  with  the  serum  from  the  blood  of  a  healthy  horse,  and 
found  a  remarkable  coincidence  in  the  salts  of  the  two  fluids: 

Serum.  Lirmph. 

Alkalme  dilorides  .        .        .        4*055  4*]& 

Alkaline  caibonatesi        .        -        1*130  1*135 

Alkaline  sulphates  .        -        .        0*311  0*233 

Alkaline  phosphates                •       0*115  0-190 

5011  5011 

The  lymph,  therefore,  is  a  dilute  serum,  and  the  salts  of  the  blood 
which  make  their  escape  along  with  the  colourless  liquor  sanguinis 
from  the  capillaries,  either  return  again  in  the  same  proportions  to 
each  other  as  they  were  secreted,  into  the  capillaries,  or,  which  is 
most  probable,  they  only  penetrate  into  the  lymphatic  vessels.     Be- 

<  The  ofeate  of  soda  is  calculated  as  a  caifaoDate. 
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sides,  there  being  more  water  in  the  lymph  thtn  in  the  serum  (in  the 
ratio  of  950  to  922)  the  two  fluids  difler  in  the  ratio  of  their  solid 
constituents  to  the  salts;  in  the  lymph,  the  salts  amount  to  ll«22,aDd 
in  the  serum  to  9*65^  of  the  solid  residue.  It  is  probably  this  cir- 
cumstance that  causes  the  much  greaterviscidity  of  the  serum,  which 
is  by  no  means  solely  dependent  on  the  larger  quantity  of  albumen 
in  solution.] 

All  investigations  with  respect  to  the  motion  of  the  lymph  in  the 
absorbents,  and  to  the  origin  and  formation  of  the  lymph-corpuscles, 
have  hitherto  been  comparatively  fruitless.  Since  the  primitive  cells 
of  the  tissues  are  now  regarded  as  organized  individuals  possessing 
self-dependent  powers  of  selecting  their  own  nutriment,  and  of  dis- 
charging the  function  of  secretion,  we  can  no  longer  refer  the  passage 
of  the  lymph  into  the  terminal  points  of  the  absorbents  to  mere  phy- 
sical endosmosis  and  exosmosis.  I  do  not  believe  that  we  can  alto- 
gether satisfactorily  refer  the  motion  of  the  lymph  to  a  vis  a  tergo. 
Whether  the  lymph  is  propelled  by  a  progressive  contraction  of  the 
absorbent  vessels,  as  is  mamtained  by  some  physiologists,  is  uncer- 
tain; this  much,  however,  is  undoubted,  that  there  are  numerous 
valves  in  the  interior  of  the  lymphatics  to  prevent  the  regurgitation 
of  their  fluid  contents.  From  Weber's  observations,  it  appears  that 
in  the  tadpole  the  motion  of  the  lymph  is  from  10  to  20  times  slower 
than  that  of  the  blood. 


The  Chyle. 

True  chyle,  that  is  to  say,  the  emulsive  fluid  that  is  found  after 
digestion  in  the  lymphatic  vessels  of  the  intestinal  canal,  is  usually 
turbid,  and  of  a  white  or  pinkish  tint,  but  I  once  observed  it  of  a 
blood-red  colour.  It  is  usually  obtained  for  the  purpose  of  analysis 
from  the  thoracic  duct,  when,  although  termed  chyle,  it  is  in  reality 
a  mixture  of  lymph  and  true  chyle.  Chyle,  like  lymph,  coagulates 
in  the  course  of  from  8  to  15  minutes.  The  clot  is  soft,  gelatinous, 
and  either  white  (from  the  entangled  fat-vesicles)  or  red  (in  conse- 
quence of  the  presence  of  blood-corpuscles.)  The  fibrin  obtained  by 
whipping  fresh  chyle  is  deficient  in  consistence,  being  sometimes 
merely  gelatinous,  and  cannot  be  washed  without  sufiering  loss.  The 
serum  of  the  chyle  appears,  from  my  observations,  (which  were  in- 
stituted with  the  chyle  of  horses)  to  contain  four  diflerent  sorts  of 
corpuscles,  viz.  (a\  fat-vesicles  which  occur  in  large  numbers  in 
milisy  chyle;  {b)  blood- corpuscles,  which  may  be  numerous,  few,  or 
absent,  according  to  circumstances;  (c)  round,  colourless,  transparent, 
rarely  granular  globules,  from  one-half  to  three-fourths  the  size  of 
blood-corpuscles,  I  have  never  observed  them  in  the  blood ;  they  are 
the  true  lymph-corpuscles;  and  [d)  rotmd,  gray  or  colourless  granu- 


CHTLS.  ^89 

lar  corpuscles,  with  a  clearly  defined,  and  not  tuberculated  outline, 
half  as  large  again,  or  occasionally  even  twice  as  large  as  the  blood- 
corpuscles;  these  are  the  chyle  corpuscles,  which  are  always  found 
in  the  blood.  Fig.  12  exhibits  chyle  containing  numerous  blood* 
corpuscles  as  seen  under  the  microscope. 

Human  chyle  has  never  yet  been  analyzed,  but  several  analyses  of 
the  chyle  of  the  lower  animals  have  been  made.  Through  the  kind- 
ness of  Professor  Gurlt  I  have  had  several  opportunities  of  examining 
the  chyle  of  horses,  and  I  have  made  three  careful  quantitative  ana- 
lyses of  it  The  method  of  analysis  was  precisely  the  same  as  for 
the  blood.  The  fibrin  was  removed  in  the  usual  manner,  and  washed. 
A  known  quantity  of  the  serum  was  reduced  to  dryness,  and  the  water 
thus  determined;  the  residue  was  finely  pulverized,  and  a  portion  re- 
peatedly treated  with  ether,  and  afterwards  with  spirit  of  '915  in  order 
to  remove  the  fat  It  was  then  boiled  in  water.  The  residual  albu- 
men was  dried  and  weighed.  The  spirituous  and  aqueous  solutions 
were  mixed  and  evaporated,  and  the  residue  treated  with  water  and 
dilute  spirit,  which  took  up  the  salts  and  extractive  matters,  and  left 
the  haemato-globulin.  The  extractive  matters  were  dried,  weighed, 
and  incinerated,  and  the  salts  thus  determined. 

The  thoracic  duct  of  a  horse  that  had  been  kept  without  food  for 
some  time  contained  only  a  very  small  quantity  of  a  reddish  fluid, 
with  an  alkaline  reaction,  from  which  a  slight  fibrinous  coagulum  se- 
parated, and  which,  on  standing,  deposited  a  red  sediment,  while  the 
supernatant  fluid  was  clear  and  yellow.  Blood-corpuscles  were  de- 
tected in  the  sediment,  but  they  were  not  numerous,  and,  for  the 
most  part,  altered  in  form.  Lymph-corpuscles  and  a  very  few  chyle- 
corpuscles  were  observed;  some  of  the  latter  were  of  ^remarkable 
size,  and  presented  a  resemblance  to  conglomerate  fatrcells.  1000 
parts  of  this  chyle  left  a  solid  residue  of  39-5,  of  which  20  consisted 
of  albumen,  and  3-2  of  oily  fat 

In  order  to  obtain  a  larger  supply  of  chyle,  a  horse  was  fed  on 
peas  steeped  in  water;  it  was  shortly  afterwarck  bled  to  death,  and 
the  chyle  collected  from  the  thoracic  duct 

I  obtained  upwards  of  600  grains  of  a  reddish  yellow  alkaline 
fluid,  which  was  immediately  stirred,  in  order  to  separate  the  fibrin. 
In  the  serum  there  was  comparatively  little  fat,  and  only  a  small 
number  of  blood-corpuscles;  while,  on  the  other  hand,  the  lymph- 
and  chyle-corpuscles  were  abundant  None  of  the  large  conglome- 
rate cells  observed  in  the  former  chyle  could  be  detected. 

The  analysis  of  this  chyle  yielded: 

Analyst*  55. 

Water 940-670 

Solid  constituents 59-330 

Fibrin 0-440 

Fat J-186 

Albumen 42-7J7 

Hcmatchg^obulin 0-474 

Extradtfe  matters  and  salts       -        -        -        -        -  8-360 
PtyaliD,  and  globulin  or  casein,  with  chloride  of  sodium 

•odbcteleofsoda 1-780 

25 
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The  analysis  of  the  salts  was  not  carried  out  The  amount  of 
solid  constituents  and  especially  of  albumen,  is  considerably  larger 
than  in  the  former  instance,  but  the  quantity  of  fat  is  remarkably 
small. 

On  a  subsequent  occasion  I  fed  two  horses  with  oats  soaked  in  wa- 
ter, and  analyzed  the  chyle  thus  formed.  Both  specimens  were 
stirred,  in  order  to  remove  the  fibrin:  they  had  an  alkaline  reaction, 
but  one  was  turbid  and  milky,  containing  an  extraordinary  amount 
of  soft  but  firm  fat,  while  the  other  was  of  a  blood-red  colour,  and  con- 
tained a  considerable  number  of  blood-corpuscles.  Both  specimens 
contained  lymph-  and  chyle-corpuscles.  1  have  endeavoured,  in  fig. 
12,  to  represent  the  corpuscles  that  were  observed  in  the  blood-red 
chyle. 

The  analyses  of  these  fluids  yielded  the  following  results: 

Analjofl  56.      AnalyBis  57. 

Milky  chyle.  Blood-red  chyle. 

Water 928K)0()  916000 

Solkl  constituents 72000  84O00 

Fibrin 0-805  OOOO 

Fat lOOlO  3-480 

Albumen  with  lymph-  and  chyle-corpusclcs         -        •  46*430  60-530 

Hsmato-globulin trares  5*691 

Extractive  matters -  5-320  5-265 

Alkaline  lactates  and  muriates,  with  traces  of  lime       -  7*300  fr700 

Sulphate  and  phosphate  of  lime  and  peroxide  of  iron    -  1*100  0*850 

These  analyses  yield  a  much  larger  amount  of  solid  constituents 
than  those  quoted  above:  the  increase  is  especiall}*  observable  in  the 
amount  of  fat  in  the  former,  and  in  the  conjoined  amount  of  albumen 
and  haemato-globulin  in  the  latter  of  these  analyses.  There  can  be  no 
doubt  that  these  variations  are  due  partly  to  the  nature  of  the  food, 
and  partly  to  the  manner  in  which  chylopoiesis  goes  on  in  aged  or 
diseased  animals.  The  salts  approximate  closely,  both  in  quality  and 
quantity,  with  those  that  occur  in  the  blood. 

Dr.  Rees  analyzed  the  chyle  of  the  same  ass  to  which  reference  has 
been  already  made  in  page  287.     It  contained: 

Water 902-37 

Solid  constituents --  97-63 

Fibrin 3-70 

Fat 3601 

Albumen 35-16 

Extractive  matter  soluble  m  alcohol  and  water     ....  3*32 

Kxtracti\-e  matter  soluble  in  water  only       .....  12-33 

Salts  (similar  to  those  in  the  lympli) 7-11 

[Nasse^  has  instituted  the  following  analysis  of  the  chyle  of  the 
cat     It  contained  in  1000  parts: 

Water -•  906-7 

Solid  constituenta 94*3 

Fibrin        ....        - 1-3 

Fat 32-7 

AJbomen,  Uood-corpuadeSy  and  extractive  matters   .       •        •  4^ 

1  Wagner's  Handworteibuch,  vol  1,  p.  235,  tftklB  'Chylus.^ 


CHTLB.  891 

Chkndeafndhnii     .•.••-..  7<l 

Other  aoluUe  alts 2-3 

Jron  ------ tTBces 

Earthy  nits S^O] 

The  elaborate  treatise  of  Tiedemann  and  Gmelin  affords  much  in- 
formation respecting  the  influence  of  diet  on  the  qualities  of  the 
chyle,  and  on  the  modifications  that  it  undergoes  in  its  passage  through 
the  mesenteric  glands. 

Their  analyses  of  the  chyle  of  the  horse  are  given  in  the  follow- 
ing table  : 

Solid  Spirit  extract,  WatRf-extract, 

Water,     coaaiitnenw.  Clot.  Albumen.        FVit.  with  «i1is.            with  iralta. 

1  924-3            75-7  17-5        44-4,5  a  trace  7-!)7                   3-(i0 

2  94i)-8            50-2  4-2        34-27  a  little  »-41                    2-33 

3  918-3            81-7  7-8        42-8G          1G12  11-83                   2-04 

4  967-9            32-1  1-9        19-32  a  little  9-19                   (KM 

6  94&6  57-4  3-1        24-27  12-34  8-33  h2G 

C    871-0  129K)        small        35-75  ""bT^f"  3-22 

7  9o9K)  4?0'  24-60(1)  lG-400)  3-22 

The  first  four  analyses  were  made  with  chyle  taken  from  the  tho- 
racic duct.  The  chyle  in  these  cases  separated  into  a  bright  red  clot, 
and  opaque,  milky  serum.  The  fiftli  analysis  was  made  with  chyle 
(taken  from  the  same  horse  as  in  analysis  4)  after  its  passage  through 
the  mesenteric  glands,  and  the  sixth  analysis,  with  chyle,  previous 
to  its  passage  through  them.  In  the  former  case,  the  chyle  was  of  a 
bright  red  colour,  and  coagulated  perfectly,  forming  a  pale  red  clot, 
and  a  reddish  white  serum;  in  the  latter,  it  was  white,  and  coagulated 
very  imperfectly;  in  fact,  instead  of  there  being  a  clot,  there  was 
merely  a  transparent  yellowish  film;  the  serum  was  white  and  milky. 
In  the  seventh  analysis,  the  chyle  was  collected  from  the  absorbents 
of  the  colon. 

The  fat  in  these  various  specimens  of  chyle  was  partly  solid,  and 
partly  fluid;  the  salts  were  apparently  the  same  as  in  the  lymph. 
The  albumen  left  about  2^  of  ash,  which  consisted  of  equal  parts  of 
carbonate  and  sulphate  of  lime,  together  with  a  little  carbonate,  hy- 
drochlorate,  and  sulphate  of  soda.  The  dried  clot,  in  analysis  2,  yield- 
ed 9*07^  of  brownish  red  ash,  consisting  of  carbonate,  sulphate,  and 
muriate  of  soda,  carbonate  and  phosphate  of  lime,  and  peroxide 
of  iron. 

Tiedemann  and  Gmelin  have  communicated  the  following  data  re- 
garding the  influence  of  diet  on  the  chyle.  Their  experiments  were 
made  on  dogs,  and  the  chyle  was  taken  from  the  thoracic  duct 

1.  After  taking  cheese  the  chyle  coagulated  very  slightly.  The 
clot  was  little  more  than  a  pale  red  transparent  film,  and  the  serum 
was  slightly  milky.  The  chyle  contained  water  950*3,  clot  1*71,  re- 
sidue of  serum  48*0. 

2.  After  the  use  of  starch,  the  chyle  was  of  a  pale  yellowish  white 
colour,  and  coagulated  rapidly.  It  contained  water  930*0,  clot  and 
residue  of  serum  70*0.    The  clot  was  of  a  pale  red  colour. 
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3.  After  taking  flesh,  and  bread  and  milk,  the  chyle  was  of  a 
reddish  white  colour,  and  coagulated  rapidly,  the  clot  being  of  a 
pale  red  tint  and  the  serum  very  milky.  It  consisted  of  water,  915*3, 
clot,  2*7,  and  residue  of  serum,  83*8. 

4.  After  the  use  of  milk,  the  chyle  presented  a  milky  appear- 
ance, and  the  clot  was  transparent  and  of  a  pale  red  colour. 

5.  After  bread  and  milk,  the  chyle  contained  in  water,  961-1,  dot, 
1*9,  and  residue  of  serum,  37*0. 

6.  After  flesh,  bread,  and  milk,  the  chyle  was  of  a  yellowish  red 
colour,  coagulated  firmly,  (separating  into  a  bright  red  clot  and  tur- 
bid yedlow  serum,)  and  contained  water,  933*5,  clot,  5'6y  residue  of 
serum,  60*9. 

Any  explanation  of  the  results  of  these  investigations  would  be 
superfluous,  since  it  is  obvious  from  them,  that  the  food  best  adapted 
to  dogs,  viz.  a  mixture  of  flesh,  bread,  and  milk,  yields  the  richest 
chyle,  and  increases  the  amount  of  clot  That  the  fibrin  is  formed 
in  the  chyle  from  the  constituents  of  the  food  is  perhaps  less  proba- 
ble than  that  it  is  separated  from  the  blood  in  the  lymphatic  glands; 
possibly,  chyle  of  difierent  qualities  may  react  with  varying  energy 
on  the  lymphatic  glands. 


EXPLANATION  OF  PLATE  I. 


Fig.  I.  Blood-corpuscles  of  men,  birds,  and  amphibia. 

2.  The  formation  of  the  blood-corpuscles,  from  Reichert. 

3.  Urea  precipitated  from  an  alcoholic  solution  by  nitric  acid. 

4.  Crystals  produced  in  the  alcohol-extract  of  blood  devoid  of 

urea,  after  the  addition  of  nitric  acid. 

5.  Nitrate  of  urea  from  blood  in  morb.  Brightii. 

6.  Urea  precipitated  from  an  alcoholic  solution,  by  oxalic  acid. 

7.  Crystals  produced  in  the  alcohol-extract  of  blood  devoid  of 

urea,  after  the  addition  of  oxalic  acid. 

8.  Crystals  of  oxalic  acid,  resembling  pure  urea. 

9.  Nitrate  of  soda. 

10.  Crystalline  groups  of  nitrate  of  urea,  as  it  crystallizes  from  an 

alcoholic  solution. 

11.  Pus  in  blood. 

IS.  Chyle  from  the  thoracic  duct 


FLITS  Z. 


-,,.  Ad^  @(3)9 

0  II®©      ©  8  ^ 


<^'9.^ 


e^'! 


® 


■  > 


I       - 


<-  .  . 


/' 


!:, 


^/ 


V- 


^l'- 


<•■  ^^^J^.J^i  > 


// 


c.^^'-- 


^o 


•O^" 


v,-*.*!.-^.'!^*-/-;. 


■Vi^c!!"--^ 


Str^t'm  mti  Aa/  M^f 


/It 


i2 


0% 


.  o* 


^O 


vrc%  o"#. 


/*  Sin.-fmirf^Zrft. 


CHEMISTRY  OF  MAN. 


^V^MW^^^'^^^M^A^^tfkMAM^MAMAM^iAA^ 


CHAPTER  III. 


THE    SECRETIONS  OF   THE    CHTLOPOIETIC    VISCERA^  AND   THE 

THEORY  OF  DIGESTION. 

The  Saliva. 

The  saliva  is  a  peculiar  fluid,  secreted  by  the  parotid,  submaxil- 
lary, and  sublingual  glands,  and  conveyed  from  them  by  certain 
ducts  into  the  cavity  of  the  fhouth,  where  it  becomes  mixed  with 
the  buccal  mucus.  It  may,  however,  be  obtained  in  a  state  of  purity 
by  collecting  it  as  it  flows  from  one  of  the  ducts.  The  following 
observations  respecting  the  secretion  of  the  saliva  were  made  by 
Mitscherlich,^  on  a  person  with  a  salivary  fistula,  in  whom  the  saliva 
could  be  collected  directly  from  Steno's  duct.  He  found  that  there 
was  no  flow  of  saliva  while  the  muscles  of  mastication  and  of  the 
toneue  were  in  a  state  of  perfect  repose,  and  all  nervous  excitement 
avoided.  He  likewise  observed  that,  during  the  acts  of  eating  and 
drinkins,  (especially  at  the  commcRcement,)  the  secretion  was  abun- 
dant, being  proportionate  to  the  stimulating  nature  of  the  food  and 
to  the  deeree  it  was  masticated.  From  two  to  three  ounces  of  saliva 
were  collected  from  one  of  the  parotid  glands  in  the  course  of 
twenty-four  hours.  It  is  usually  supposed  that  about  ten  or  twelve 
ounces  of  saliva  are  secreted  daily,  but  accurate  observations  are  still 
required  on  this  subject 

Human  saliva  is  a  rather  opalescent,  viscid,  colourless  fluid ;  when 
collected  and  allowed  to  rest  in  a  cylindrical  glass,  it  is  observed  to 
yield  a  deposit  of  epithelium-scales  and  mucus-corpuscles,  while 
the  supernatant  fluid  remains  clear.  When  perfectly  normal,  its  re- 
action is  alkaline;  it  is  devoid  of  taste  and  odour,  and,  when  ob- 
served under  the  microscope,  is  seen  to  contain  peculiar  corpuscles, 
which  difier  very  slightly  in  their  form  from  tumid  mucus-corpus- 
cles. The  appearance  presented  by  human  saliva  taken  from  the 
mouthy  when  examined  under  the  microscope,  is  depicted  in  fig.  13. 

>  Rttrt't  Hagtt.  ToL  40. 
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I  have  always  observed  the  cells  (a)  in  the  saliva;  they  appear  to 
consist  of  swollen  salivary  corpuscles.  The  salivary  corpuscles  are 
represented  in  (b);  (c)  represents  epithelium-scales;  and  (d)  fat-vesi- 
cles. Membranous  shreds  are  sometimes  observed,  apparently  frag- 
ments of  injured  epithelium-scales. 

The  amount  of  solid  residue  in  the  saliva  is  very  small ;  it  is  com- 
posed of  fat,  ptyalin,  water-extract,  spirit-extract,  a  little  albumen, 
certain  salts,  and  a  trace  of  sulphocyanogen.  The  presence  of  the 
last  constituent  was  first  noticed  by  Treviranus;  it  has  since  been 
detected  by  Gmelin  and  Tiedemann,  and  other  chemists.^ 

The  salts  of  human  saliva  are,  according  to  Mitscherlich,  chloride 
of  calcium,  lactates  of  soda  and  potash,  soda  either  free  or  combined 
with  mucus,' phosphate  of  lime,  and  silica:  according  to  Gmelin  and 
Tiedemann,  they  consist,  of  alkaline  carbonates,  phosphates,  muri- 
ates, and  traces  of  sulphates,  together  with  the  phosphates  and  car- 
bonates of  lime  and  magnesia.  According  to  HQnefeld,  ammonia- 
cal  salts  are  also  present  On  evaporating  the  saliva,  we  obtain  a 
brown  residue,  which  evolves  a  rather  agreeable  odour,  resembling 
that  of  toasted  bread. 

In  certain  pathological  states  the  saliva  contains  other  substances 
besides  those  already  enumerated :  thus,  in  one  case  of  morbid  sa- 
liva I  detected  free  acetic  acid,  and  in  another  I  found  a  consider- 
able quantity  of  a  substance  resembling  casein. 

The  albumen  contained  in  the  saliva  is  indicated  by  the  turbidity 
produced  on  the  application  of  heat ;  and  after  the  removal  of  the 
coagulated  albumen  by  filtration,  the  presence  of  the  various  extrac- 
tive matters  may  be  shown  by  the  precipitates  thrown  down  by 
acetate  of  lead,  bichloride  of  mercury,  and  tannin ;  the  casein  may 
be  indicated  by  the  addition  of  acetic  acid;  ptyalin,  and  probably 
casein,  by  the  addition  of  alcohol  to  clear  and  somewhat  concentrate 
saliva;  and  sulpho-cyanogen,  by  the  redness  produced  on  the 
addition  of  percnloride  of  iron. 

With  a  view  to  separate  the  constituents  of  the  saliva,  T  evaporated 
a  known  quantity  to  dryness,  and  thus  determined  the  water. 
I  then  treated  the  residue  with  ether,  for  the  purpose  of  extracting 

1  The  ooamenoe  of  diif  mbitanoe  in  the  saliTB  is  equafly  interaiting  in  t  ^byMogtal  and 
chemiral  point  of  vkm ;  and  it  would  be  veiy  desirable  to  eatablinh  its  prennoe  in  an  maqoBs- 
tiooabfe  manner  by  experiments  on  a  laige  quantity  of  saliva.  Gmelin  and  Tiedemann  (Die 
Verdauung  nacfa  Vemicfaen,  vol  L  p.  9,)  Ibrmed  an  alcoholic  extract  of  saliva,  and  diadtted 
the  leodue,  after  mixing  it  widi  pho^oric  add.  The  fluid  obtained  by  this  distillatiaQ  red- 
doled  litnras  paper,  after  some  days  evolved  an  odour  of  prusnc  add,  yidded  t  deq>  yellovf- 
red  colour  on  the  addition  of  peicfaloride  of  iron,  and  precipilateB  on  the  addition  of  nitnili  of 
silver  and  nitrate  of  peroxide  of  mercury.  On  the  addition  of  sulphate  of  iron  apd  imlr»r«» 
of  copper  to  a  portion  of  the  distilled  fluid,  a  white  precipitate  was  thrown  down,  whidi 
communicated  a  red  odour  to  an  add  sdution  of  perchlinide  of  iron.  The  dear  cblorin»«o- 
lution,  obtained  by  mixing  dilorate  of  potadi,  h^drochlonc  add,  and  diloride  of  barium,  was 
rendered  turlnd  when  dig^tod  with  a  portion  of  the  distilled  fluid,  and  fliere  was  a  gjiadoal 
dfipomtioa  of  sulphate  of  baryta,  the  sulphuric  add  beinff  obtained  at  the  expense  of  the 
l^drosulphomnic  add.  Omdin  and  Tiedemann  observed  the  reaction  indicatma  the  pro- 
senoe  of  sulphocyanogen  m  the  saliva  of  the  dieq>,  and  I  have  noticed  it  m  the  saliva  of  flw 
hofie. 
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the  fat;  and  with  water,  in  order  to  take  up  the  ptyalin,  extractive 
matters  and  salts.  The  insoluble  residue  that  haa  resisted  the  ac- 
tion of  ether  and  water,  consisted  of  albumen  and  mucus.  Another 
portion  of  the  saliva  was  decanted  from  its  precipitate,  evaporated 
to  a  small  residue,  and  the  ptyalin  with  a  trace  of  extractive  matter, 
precipitated  by  alcohol.  When  the  saliva  contains  a  caseous  matter, 
(which  1  have  observed  in  large  quantity  in  the  saliva  of  the  horse,) 
the  precipitate  of  ptyalin  and  casein  produced  by  the  alcohol  must 
be  dissolved  in  water,  and  the  casein  then  thrown  down  by  the  care- 
ful addition  of  acetic  acid.  In  this  case,  a  portion  of  the  casein  pre- 
cipitated by  the  alcohol  usually  remains  undissolved  by  the  water. 
I  have  detected  free  acetic  acid  in  the  saliva  discharged  during  sali- 
vation. In  order  to  determine  its  Quantity,  the  saliva  must  be  accu- 
rately neutralized  by  a  solution  of  carbonate  of  potash  of  known 
strength;  from  the  amount  of  the  alkaline  solution  required,  the 
quantity  of  acetic  acid  can  be  calculated.  If,  in  addition  to  acetic 
acid,  free  lactic  acid  is  likewise  present,  the  residue  of  the  saliva, 
after  evaporation,  when  dissolved  in  water,  will  still  indicate  an  acid 
reaction,  because  lactic  acid  differs  from  acetic  acid  in  not  beine 
volatilized  at  the  ordinary  temperature  used  for  evaporating  animal 
fluids.  In  order  to  determine  the  amount  of  free  soda  in  the  saliva, 
the  dried  residue  must  be  extracted  with  alcohol;  the  free  soda 
(which  is  left  in  the  residue)  must  be  saturated  with  acetic  acid,  the 
resulting  acetate  of  soda  extracted  with  alcohol,  evaporated,  and  by 
incineration,  reduced  to  carbonate  of  soda. 

An  analysis  of  my  own  saliva  yielded  the  following  results.     It 
contained,  in  1000  parts: 


Water 

Solid  constituents 

Fat  containing  dM^esterin 

Ptyalin  with  extractive  matter 

Extractive  matter  and  salts 

Albumen,  mucus,  and  cells 

Berzelius'  found,  in  1000  parts  of  human  saliva: 

Water  .... 
Ptyalin  -  -  -  . 
Mucus  .... 
Extract  of  fledi  with  alkaline  lactates 
Chloride  of  sodium  • 
Soda 


Analysis  58. 


991-225 
8-775 
•525 
4-375 
2-450 
1-400 


992-9 
2-9 
1-4 

•9 
1-7 

•2 


According  to  the  analyses  of  Tiedemann  and  Gmelin,  1000  parts  of 
human  saliva  contain  from  9  to  11 '4,  or  even  11-9  of  solid  constitu- 
ents, consisting  in  100  parts,  of  phosphorized  fat,  extract  of  flesh, 
chloride  of  potassium,  lactate  of  potash,  and  sulphocyanide  of  po- 
tassium, lactate  of  potash,  and  sulphocyanide  of  potassium,  31.25; — 
animal  matter  with  traces  of  alkaline  sulphates  and  chlorides, 
1*25 ; — ptyalin,  with  alkaline  phosphates,  chloride  of  sodium,  and 
traces  ot  alkaline  sulphates,  20-00; — mucus  and  a  little  albumen,  with 

1  Thiexchemie,  p.  219. 
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alkaline  phosphates  and  carbonates,  40*00.  This  solid  residue  yield- 
ed on  incineration  21-9^  of  inorganic  constituents,  17*8  of  which 
were  soluble,  and  4*1  insoluble  in  water.  Mitscherlich  found  that 
1000  parts  of  human  saliva  yielded  from  14*7  to  16*3  of  solid  resi- 
due, of  which  34}  were  insoluble  both  in  water  and  in  alcohol,  42^ 
soluble  in  water  but  not  in  alcohol  of  *800,  and  24}  soluble  in  water 
and  in  alcohoL  These  proportions  varied,  however,  in  different 
analyses. 

The  inorganic  constituents  in  1000  parts  of  saliva  are,  according  to 
Mitscherlich,  chloride  of  calcium,  1*8;  lactate  of  potash,  *95; 
lactate  of  soda,  *24;  soda,  probably  combined  with  mucus,  1*64; 
phosphate  of  lime,  *17;  silica,  *15. 

[According  to  Dr.  Wright,  pure  saliva  is  a  limpid  fluid,  having  a 
faint  blue  tinge,  and  a  slight  degree  of  viscidity,  it  is  perfectly 
uniform  in  consistence,  and  unobscured  by  (rothiness  or  floccuIL  It 
possesses  a  faint  sickly  odour  sui  generis^  due  to  its  constituent, 
ptyalin:  this  odour  is  strengthened  by  heat  and  by  most  adds,  but 
alkalies  diminish  and  destroy  it 

The  saliva  even  of  healthy  people  varies  considerably  in  its  q)e- 
cific  gravity-  It  is  always  denser  after  a  meal  than  during  fasting; 
and  generally  denser  in  an  evening  than  in  a  morning.  But  the 
converse  is  usually  the  rule  with  dyspeptics.  Dr.  Wright  found  that 
animal  (especially  fatty)  diet,  and  alcoholic  stimulants,  have  a  ten- 
dency to  thicken  the  saliva;  oysters,  and  vegetable  diet,  be  says, 
produce  an  opposite  effect  He  states,  as  the  result  of  many  trials- 
and  observations,  that  healthy  saliva  is  mostly  of  a  sp.  gr.  of  1007*9« 
When  above  1010*0  or  below  1003*0,  the  secretion  may  be  consi- 
dered to  be  morbid.  Healthy  saliva,  he  affirms,  is  either  alkaline  or 
neutral,  generally  the  former.  If  saliva  be  heated,  it  not  uncommon- 
ly acquires  an  acidity  in  a  few  minutes,  but  this  chiefly  happens  to 
neutral  saliva. 

Dr.  Wright  believes  in  the  existence  of  the  principle  called  ptyalin, 
though  he  separates  it  from  saliva  by  a  new  process.  This  process 
is  <<  to  pass  saliva  through  ordinary  filtering  paper,  and,  after  filtration 
shall  have  been  completed,  to  exhaust  the  residue  with  sulphuric 
ether;  the  ethereal  solution  contains  a  fatty  acid  ptyalin.^  It  is  to  be 
allowed  to  evaporate  spontaneously,  and  the  residue  left  by  evapora- 
tion is  to  be  placed  upon  a  filter  and  acted  upon  by  distilled  water, 
which  dissolves  the  ptyalin  and  leaves  the  fattfr  acid.  If  the  aqueous 
solution  be  carefully  evaporated  to  dryness,  the  ^  salivary  matter  will 
be  obtained  in  a  pure  state."  <<  Ptyalin,"  he  says,  <<  as  thus  pre- 
pared, is  a  yellowish-white,  adhesive,  and  nearly  solid  matter,  neither 
acid  nor  alkaline,  readily  soluble  in  ether,  alcohol,  and  essential  oils, 
but  more  sparingly  soluble  in  water.    It  alone  possesses  the  charac- 

i  A  leferenoe  to  pa|^  31,  will  ihovr  that  Wii^s  ptyalm  diflen  in  mnnl  napBcM  fiom  Ab 
ptyalin  described  by  Simon.    In  truth,  little  is  known  regarding  ibk  oooatitaent 
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teristic  odour  of  saliva;  it  is  unaffected  by  ^vanism  and  by  most  of 
the  reagents  which  coagulate  albumen.  It  is  abundantly  precipitated 
by  sub-acetate  of  lead,  and  nitrate  of  silver;  feebly  so  by  acetate  and 
nitrate  of  lead,  and  tincture  of  galls;  uninfluenced  by  bichloride  of 
mercury  and  strong  acids;  the  latter  considerably  heighten  its  proper 
odour  and  impair  its  solubility,  while  alkalies  render  it  more  soluble, 
and  give  it  the  smell  of  mucus.  Moderate  heat  and  oxygen  gas  also 
increase  its  odour,  but  a  more  intense  heat  or  cold  diminishes  or 
entirely  destroys  it  At  a  suitable  temperature,  ptyalin  may  be 
preserved  for  any  length  of  time  without  risk  of  decomposition. 
The  salivary  fluid  from  which  ptyalin  has  been  removed,  possesses 
a  sickly  mucous  smell,  decomposes  much  sooner  than  ordinary  saliva, 
and,  in  the  process  of  decay,  invariably  evolves  ammonia.  If  the  fluid 
be  heated,  the  mucous  smell  will  be  increased  until  the  evaporation 
shall  have  been  continued  nearly  to  dryness,  when  a  slight  salivary 
odour  may  be  recognised,  due  to  a  portion  of  ptyalin  being  liberated 
from  the  mucus  with  which  it  was  previously  in  combination.'' 

Dr.  Wright  says  that  sulphocyanogen  is  an  invariable  constituent 
of  healthy  human  saliva.  He  advises  that  it  be  sought  for  in  the 
alcoholic  extract  of  the  residue  left  by  the  careful  evaporation  of  the 
fluid,  as  the  mucus,  unless  removed,  offers  considerable  impediment 
to  the  action  of  reagents.  The  sulphocyanogen  occurs  in  com- 
bination with  potassium,  the  salt  constituting  generally  from  *05I  to 
.098  of  the  secretion.  <<  The  proportion,"  he  says,  ^  is  temporarily 
augmented  by  local  stimulation  of  the  salivary  glands,  as  by  smoking, 
chewing  sialagogues,  &c  It  is  also  increased  by  the  internal  use  of 
prussic  acid  and  salts  of  cyanogen,  and  remarkably  so  by  the  use  of 
sulphur." 

Pure  saliva  absorbs  a  variable  quantity  of  oxygen.  Dr.  Wright 
says,  ^  I  have  known  the  quantity  absorbed  to  exceed  2i  times  the 
bulk  of  the  saliva;  but  I  once  met  with  an  instance  in  which  the 
healthy  secretion  did  not  absorb  more  tlian  half  its  volume  of  oxygen. 
The  difference  is  generally  dependent  upon  the  carbonic  acid  01s 
naturally  contained  in  the  saliva,  the  proportion  of  which  gas  to  uie 
secretion  varies  from  one  eighth  to  one  twelfth  in  volume,  though, 
in  some  particular  cases,  it  is  much  more  abundant"  He  says  tnat 
saliva,  in  its  healthy  state,  contains  also  oxygen  gas,  which  it  can  be 
made  to  evolve  on  the  application  of  heat  This  in  some  measure 
aids  its  digestive  powers;  for  he  found  that  saliva  which  had  been 
exposed  for  some  hours  to  an  atmosphere  of  oxygen,  converted  a 
much  greater  quantity  of  starch  into  gum  and  sugar  than  other  saliva 
which  had  not  been  so  exposed.  This  statement,  founded  upon  a  great 
number  of  comparative  experiments,  was  made  by  Dr.  Wright  long 
before  the  apparently  less  correct  observation  of  Liebig,  that  the 
saliva  collects  *< bubbles  of  air"  to  assist  the  digestive  function.  In 
pure  saliva  there  are  no  <<  bubbles  of  air;"  the  absorbed  gases  are 
carbonic  acid  and  oxygen,  the  latter  only  contributing  to  tne  diges- 
tive properties  of  the  fluid.    As  the  result  of  numerous  analyses^ 
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the  process  of  which  Dr.  Wright  has  fully  detailed,  he  gives  the 
following  as  the  constituents  of  the  healthy  secretion  :^ 


Water  •  •  • 

Ptyibn         •  •  • 

Fatly  acid     - 

Chloridei  of  ■odhim  and  potaaBmn 

ADjamen  witfi  loda 

Pbonhato  of  Isiia      • 

Albuminate  of  aoda   - 

Lactates  of  potiih  and  aoda    - 

Sobhocyanide  of  potaanim   - 

Soda 

MucQt,  with  pQralin  - 


968-1 
1-6 
•5 
1-4 
•9 
•« 
-6 
•7 
•9 
•6 


L'Heretier  has  recorded  the  mean  of  ten  analyses  of  the  saliva  of 
healthy  persons,  collected  while  fasting : 

Inr  ater  •  •  •  •       96&6 

Oiganic  Tnalter  •  •  •         19^ 

Lioiganic  matter       ...  «9 

The  salivary  matter,  or  ptyalin,  formed  2*5  of  the  18*6  parts  of 
orflnnic  matters. 

In  children  the  amount  of  water  is  generally  increased.  As  a 
mean  of  four  analyses,  he  found: 

Inr  ater  •  •  •  •       99&0 

Oiganie  matter         ...  9^ 

matin       •  •  •  i5 


The  ptyalin  amounted  to  only  1*1. 

He  was  unable  to  detect  any  difference  between  the  saliva  of  man 
and  woman. 

Enderlin  has  made  numerous  analyses  of  the  ash  left  after  the 
incineration  of  the  saliva,  and  has  always  found  it  to  have  the  same 
constituents.  He  considers  that  its  alkaline  reaction  is  due  to  the 
tribasic  phosphate  of  soda  (3NaO,  PO  )  which  retains  the  mucus  and 
protein-compounds  in  solution.  Enderlin  observes  that,  independ- 
ently of  conclusions  deduced  from  the  ash,  he  has  sought  unsuccess- 
fully, in  a  direct  manner,  for  lactates  in  the  saliva.  On  inciner- 
ating salivarv  mucus  obtained  by  washing  that  constituent  from  a 
filter,  the  residue  is  found  to  consist  of  phosphate  of  lime,  with  traces 
of  chloride  of  sodium  and  phosphate  of  soda,  the  same  composition 
as  the  tartar  that  collects  on  the  teeth. 

A  quantitative  analysis  of  the  ash  from  a  large  amount  of  saliva 
obtained  from  different  persons,  yielded  the  following  insults: 

A.  C9nsHiU€niM  nlubU  in  wattr, 

Tribaflic  phosphate  of  aoda  (3  NaO,PO  J          -           -       96-12S) 
ChknideBofaodinmaiidpotaflriam         -          -           •       61*930  >  9(iKI97 
Su^teoffloda ^315) 

B.  CanstkuenU  ifuolubk  in  waUr. 
Phosphate  of  lime    ---...  ^ 

**  magneaa        -  -  •  S&509] 

**  peroxide  of  iron  .  •  •  .  ^ 

^  Der  Speidhel  in  phyriologiKher,  diagnoiticher,  nnd  thencentigcfaer  Bcnehunff,  n,  % 
Wieo,i844.    Dr.  Wrigb^s  in^peatigatioiia  fink  appeared  in  lite  Lancet  ^-^  <- ^ 
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Very  little  is  known  with  certainty  regarding  the  part  taken  by 
the  saliva  in  the  process  of  digestion.    Spallanzani  fancied  that  he 
had  observed  that  food  enclosed  in  tubes  pierced  with  numerous       i 
apertures,  and  moistened  bv  the  saliva,  was  more  rapidly  digested      / 
than  when  simply  moistened  with  water.     Berzelius,  however,  found     • ' 
that  the  saliva  exerts  no  greater  solvent  power  than  pure  water,  and 
MuUer   confirms   his  statement     HQnefeld,  on  the  other   hand, 
believes  that  the  object  of  the  saliva  is  to  destroy  the  tenacity  of  the 
food,  and  he  thinks  that  it  has  the  power  of  reducing  fibrin  to  the 
condition  of  a  viscid  fluid. 

[The  services  which  the  saliva  performs  in  the  animal  economy 
are  classified  by  Dr.  Wright  as  follow: 

Jictive. — 1.  To  stimulate  the  stomach  and  excite  it  to  activity  by 
contact  2.  To  aid  the  digestion  of  food  by  a  specific  action  upon 
the  food  itself.  3.  To  neutralize  any  undue  acidity  in  the  stomach 
by  supplying  a  proportionate  alkali. 

Pasaive* — 1.  To  assist  the  sense  of  taste.  2.  To  favour  the  ex- 
pression of  the  voice.  3.  To  clear  the  mucous  membrane  of  the 
mouth,  and  to  moderate  thirst 

Mialhe^  has  recently  announced  the  discovery  of  an  active  princi- 
ple in  the  saliva  analogous  in  its  physical  and  chemical  characters  to 
diastase.  It  is  solid,  white  or  grayish-white,  amorphous,  insoluble 
in  alcohol,  but  soluble  in  water  and  spirit  The  directions  for  obtain- 
ing it  are  the  following:  Filter  saliva  and  treat  it  with  five  or  six 
times  its  weight  of  absolute  alcohol,  adding  it  as  long  as  any  preci- 

Sitate  occurs.    This  animal  diastase  is  insoluble,  and  falls  in  white 
ocks,  which  must  be  collected  on  a  filter  and  dried.     It  forms 
about  *2§  of  the  whole  saliva.] 

Leuchs'  was  the  first  who  observed  that  saliva  converts  boiled 
starch  into  sugar. 

Morbid  Saliva. 

The  saliva  becomes  afiected  in  various  morbid  conditions  of  the 
system,  but  the  nature  of  the  changes  that  it  undergoes  has  not  hither- 
to been  sufficiently  studied.  Morbid  saliva  sometimes  contains  a 
free  acid;  this  is  most  commonly  lactic  acid,  but,  in  some  cases, 
acetic  acid  ih  likewise  present  The  acid  reaction  may  be  at  once 
detected  by  test  paper;  while  normal  saliva  communicates  a  blue 
tint  to  red  litmus  paper,  this,  on  the  contrary,  reddens  blue  paper. 
I  have  frequently  seen  the  saliva  acid  in  acute  rheumatism,  and  in 
cases  of  salivation.  According  to  Donn6,'  the  saliva  has  an  acid  re- 
action in  all  cases  of  irritation  and  inflammation  of  the  stomach,  in  . 
pleuritis,  encephalitis,  intermittent  fevers,  acute  rheumatism,  uterine 

*■  Lanoette  Franqane,  1845,  April 

*  Kastner*!  Aichrr.  1831. 

•  Aith.  Geii6r.  de  M^  1836,  Mqr« 
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affections,  and  amenorrhcBa.  Bnignatelli^  detected  oxalic  acid  in  the 
saliva  of  a  phthisical  patient  The  secretion  of  saliva  is  sometimes 
increased  to  an  extraordinary  decree,  constituting  salivation ;  in  such 
cases,  the  chemical  characters  of  the  saliva  are  also  more  or  less  af- 
fected. In  a  specimen  of  saliva  forwarded  to  me  for  examination, 
which  was  obtained  from  a  patient  who  had  just  terminated  a  course 
of  mercury  of  some  weeks'  duration,  I  observed  an  acid  reaction 
arising  from  the  presence  of  free  acetic  acid.  It  was  very  viscid,  of 
a  yellow  colour,  and  possessed  a  sickly  disagreeable,  acid  smell.  It 
contained  no  mercury.  After  evaporation  to  dryness,  all  the  acid 
reaction  had  disappeared:  thus  showing  that  it  contained  no  free 
lactic  acid.  This  saliva  contained  a  very  large  quantity  of  semifluid 
fat,  a  considerable  amount  of  albumen,  and  traces  of  caseous  matter. 
Under  the  microscope,  an  immense  number  of  fat-vesicles  were  seen, 
some  epithelium-cells,  and  a  very  few  partially-destroyed  saliva-cor- 
puscles.    1000  parts  of  this  saliva  were  composed  of: 

Aiwljrtit  50. 

Water  - 974'18 

Doliu  oomtitiwnti         •           •          •          >           •  S&ijo 

Telkm  Tkad  fct       -                                  -           -  &H 

PtyaKn  witfi  extnctne  mttter  and  tnoet  of  cuein  3€0 

Aloohol-ertrBCt  with  «lto       ....  7-67 

Albiimen       ......  7«77 

The  salts  consisted  of  a  largely  preponderating  amount  of  the  chlo- 
rides of  sodium  and  potassium,  associated  with  the  lactates  of  soda 
and  potash,  and  with  a  small  quantity  of  the  earthy  phosphates.  On 
contrasting  this  saliva  with  the  normal  fluid,  we  are  struck  with  its 
large  amount  of  solid  constituents,  arising  not  from  any  increase  of 
the  ptyalin,  but  of  the  fat,  the  extractive  matters,  the  albumen,  and 
the  salts. 

[L'Heretier  gives  the  mean  of  three  analyses  of  this  secretion 
during  mercurial  ptyalism.     He  found: 

Water      ....       97(H)  in  place  of  gB&5 
Organic  matters     -  *  *         2&6  12^ 

Inofganic  matters  ...  1*1  1*9 

The  mean  amount  of  .ptyalin  was  2'6y  or  very  nearly  the  normal 
quantity.  He  attributes  the  large  amount  of  organic  matter  to  the 
increased  quantity  of  mucus  secreted  by  the  buccal  membrane. 

Dr.  Wright  also  found  that  the  saliva  of  mercurial  ptyalism  con- 
tained an  unusual  amount  of  mucus.     It  consisted  of: 

Water 988-7 

Ptyalin 1'9 

Fatty  add *4 

Albomen  with  soda,  and       >          ^  ^ 
Albuminate  of  soda              5                     "           ' 

i  Staik,  ADgemeine  Padiologie,  p.  1074. 
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HydrcMnlphocytiMitM    -^  ^^        J 

He  could  not  detect  the  slightest  trace  of  mercury  in  it^ 

Gmelin^  has  examined  saliva  discharged  in  consequence  of  saliva- 
tion produced  by  mercurial  inunction.  In  one  case  it  was  brown  and 
turbid,  and  contained  a  large  quantity  of  fat,  but  not  much  albumen; 
in  another  it  presented  a  yellow  tint:  it  contained  a  large  quantity  of 
yellow  fat,  and  when  heated,  gave  no  perceptible  indication  of  coa- 
gulation. In  both  cases,  but  most  decidedly  in  the  latter,  indications 
of  mercury  were  obtained.'  Thomson^  found  the  saliva  resulting 
from  the  administration  of  mercury,  turbid;  it  deposited  flocculi  of 
coagulated  albumen.  It  was  not  precipitable  by  tannic  acid,  had  a 
specific  gravity  of  1003*8,  and  contained,  coagulated  albumen,  2*57; 
mucus,  3*67;  chloride  of  sodium,  *9;  water,  992-8.  Bostock  ana- 
lyzed the  saliva  of  a  man  who  was  secreting  about  two  quarts  daily  in 
consequence  of  mercurial  salivation.  It  was  of  a  clear  brown  colour, 
neutral,  vi8cid,but  not  stringy,  and  barely  transparent  It  became  clear, 
however,  after  the  deposition  of  the  minute  flocculi  suspended  in  it; 
the  application  of  heat,  and  also  the  addition  of  corrosive  sublimate, 
gave  indications  of  the  presence  of  albumen.  It  yielded  2g  of  dried 
residue.  After  the  discontinuance  of  the  mercury,  the  saliva  was 
found  to  be  less  transparent;  it  reddened  litmus  paper,  contained 
more  albumen,  and  more  solid  constituents  generally.  Vogeh  ana- 
lyzed the  saliva  of  a  man  with  spontaneous  salivation;  it  contained 
991 '2  parts  of  water;  4*4  of  ptyalin,  osmazome,  fat,  and  albumen; 
and  4'4  of  salts  of  soda,  potash,  and  lime;  hence,  in  respect  to  the 
amount  of  solid  constituents  and  ptyalin,  this  saliva  did  not  differ 
very  much  from  the  normal  standard.  Mitscherlich  also  found  that, 
in  Uie  salivary  flow  excited  by  nervous  irritation,  the  amount  of  the 
solid  constituents  was  not  increased,  that  the  ptyalin  and  sulphocya- 
nogen  were  even  below  the  normal  standard,  while,  on  the  other 
hand,  the  extractive  matters  were  somewhat  increased.  A  similar 
observation  has  been  made  by  Guibourt 

I  examined  the  saliva  of  a  patient  suffering  from  an  inflammatory 
affection  of  the  pancreas.    It  was  discharged  from  the  mouth  in  large 

1  Fogs.  Ann.  41,  p.  43a 

*  Gmelin  emplojea  Smithaon'i  metfiod  for  the  detecdoD  of  the  mercuxy.  A  laige  quantity 
of  afira  was  treated  mftk  nitric  add,  and  eraporated;  the  reaidue  was  digested  with  nitric  acid 
and  diaKhed  in  water;  and,  after  the  removal  of  frt  by  filtration,  a  alxeam  of  aulphuretted  hy- 
drogen was  paand  tiiroogh  it  The  precipitate  obtained  by  this  process  contains  sulphuret  of 
mercury;  it  must  be  collected,  digested  in  nitro-muriatic  acid,  evaporated,  disnlved  m  dilute 
hydrocnloric  acid,anda  bit  of  ^old-leaf  enveloped  in  tin-foil,  or  encircled  by  iron-wire,  suspended 
in  the  fluid.  Tlie  gold  is  tarnished  if  mercuiy  is  present  No  tin-foQ  nould  be  used  that  has 
not  been  itself  tested  for  mercuiy.    In  place  of  the  gold-leaf  I  have  employed  the  blade  of  a 

life  with  advanfeMB. 

*  Annals  of  Pfaiisophy,  vol  vi  p.  397. 

*  LehrbQch  der  Physiologie,  voo  R.  Wagner,  p.  213. 
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quantity;  it  was  a  dear,  viscid  fluid,  mixed  with  mucus,  alkaline  in 
its  reaction,  and  exhibiting,  under  the  microscope,  mucus-corpuscles, 
numerous  oil-vesicles,  epithelium-celk,  and  membranous  shreds:  its 
specific  gravity  was  1005;  and  1000  parts  yielded  only  ten  of  solid 
residue,  which,  in  addition  to  mucus,  and  a  very  small  quantity  of 
albumen,  consisted  principally  of  an  extractive  matter  which  deve- 
loped an  aromatic  odour  on  the  application  of  heat,  of  fat,  certain  salts, 
and  a  little  ptyalin. 

[L'Heretier  observes  that,  in  chlorosis,  the  amount  of  water  in- 
creases in  proportion  to  the  progress  of  the  disorder.  An  analysis 
of  the  saliva  in  this  disease  is  given  in  page  299  of  his  Pathologi- 
cal Chemistry. 

In  dropsy,  with  albuminous  urine,  the  saliva  contained: 


Water- 
Oigank  DMlter 

DBKttBT 


965-9 

136 

•5 


In  most  inflammatory  afiections,  the  amount  of  water  is  dimin- 
ished. The  following  numbers  express  the  mean  results  of  six 
analyses  in  cases  of  inflammatory  fever,  pneumonia,  and  erysipelas: 

Water 96M. 

Organic  mattBTi    ••.•-..         30*0 
matter! 1*1 


The  mean  amount  of  ptyalin  was  3*6;  the  ordinary  amount,  ac- 
cording to  L'Heretier,  bemg  2*5. 

The  three  following  forms  of  morbid  saliva  have  been  analyzed 
by  Dr.  Wright: 

Fatty  saUwL 


Water 

Ptralin 

Aaventitioas  &tty  matter  and  &tty  add 
Albumen  with  aooa,  and         > 
albuminate  of  aoda  ) 

8a^)li(X7anide  of  potammi 
Mucus         ..... 
Lartates       -        -        ^Potash    - 

Munatei      "       *        r  ^^'^      * 
Pboipbatea  -  jLima 

Swett  ioUva. 

Water 

Ptyalin 

Fatty  add 

Muoo-Mocfaaiine  matter 
Albumen  with  aoda,  and      > 
albuminate  of  aoda  ) 

Sulphocyanogen   .... 
Mucus  with  a  trace  of  ptyalin 
Lactetfis        -       -        )  Potash 

Muriates        *        *         (  ^^^ 
Phosphates  -        )  Lime 

BiliovB  saUfXU 
Water          ..... 
Ptyalin 


967*4 
•7 
3-9 


1*5 


2^ 
1-8 


966^ 
•3 

&6 


a  trace. 
2-6 

1-9 


986-7 
•6 
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Ftttjrmtttermdfiittiradd 1*3 

Bflmiy  matter 94 

CholBBtarin -4 

AUnnnen  with  ttda,  and        >              .       •       .  i^ 

albimuiiateofaoda  ) 

Macoi         ...-----  1«6 

CttboOUlM  jPolMa  *  *  *  / 

MuriatM  -        SSoda  .       .       .        ^         S-S  ] 

Phoilihates       -        )LiiDe         .       -       •        3 

Saliva  of  animals. 

I  have  analyzed  the  saliva  of  a  horse  suffering  from  ozsna.  Pro- 
fessor Hertwig  kindly  assisted  me  in  exposing  Steno's  duct;  and,  in 
the  course  of  eight  hours,  (during  which  time  the  horse  was  feed- 
ings) about  five  ounces  of  saliva  were  collected  from  the  opened 
duct  The  fluid  was  viscid,  of  a  faintly  yellow  colour,  devoid  of 
odour,  alkaline  in  its  reaction,  and  possessed  a  specific  gravity  of 
1006.  (Schultz^  collected  in  a  similar  manner  55  ounces  7  drachms 
of  saliva  from  a  horse  in  the  course  of  twenty-four  hours.)  After 
some  time,  the  saliva  deposited  a  white  sediment,  consisting  of  ir- 
regular membranous  shreds  and  saliva-corpuscles.  On  the  applica- 
tion of  heat,  it  became  turbid.  A  copious  precipitate  was  thrown 
down  on  the  addition  of  acetic,  dilute  sulphuric,  or  lactic  acid ;  and 
on  evaporation  it  became  covered  with  a  film  of  coagulated  casein. 
Perchloride  of  iron  produced  a  vivid  red  colour,  and  a  slight  pre- 
cipitate. It  contained  a  larger  amount  of  fK>lid  constituents  than 
human  saliva,  and  a  very  considerable  quantity  of  casein,  part  of 
which  coagulated  on  evaporation,  and  part  was  thrown  down  by 
acetic  acid;  in  this  manner  it  was  separated  from  the  ptyalin.  IQOO 
parts  of  this  saliva  were  composed  of: 


Water     -  -  .  . 

8olid  consthnentB 

Fat  oontaming  cfaoleileriii 

Ptyalin  with  extractive  matten 

Casein 

Albomen 

£jLtnctive  matten  and  aalts 
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988000 

l&OOO 

•ISO 

4-442 

&423 

•601 

7178 


Saliva  qf  the  dog. 


The  saliva  of  a  healthy  dog  was  collected  by  exposing  Steno's 
duct,  and  examined  by  Gmelin  and  Tiedemann.  It  was  rather  turbid, 
of  a  pale  yellowish-white  colour,  thick,  capable  of  being  drawn  out  in 
threads  like  albumen,  alkaline  in  its  reaction,  and  1000  parts  left,  on 
evaporation,  a  solid  residue  of  25*8,  consisting  of  a  little  extractive 
matter  soluble  in  alcohol,  an  average  (quantity  of  ptyalin,  mucus,  a 
very  large  amount  of  chloride  of  sodium,  together  with  alkaline 
carbonates,  acetates,  sulphates,  and  phosphates,  and  a  little  phosphate 
and  carbonate  of  lime. 

1  Be  AUmentor.  concoctiono.    BeroL  1834. 
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Saliva  of  the  sheep. 

Gmelin  and  Tiedemann  succeeded  in  collecting  between  three  and 
four  ounces  of  saliva  in  the  course  of  fifteen  hours  from  the  stenonian 
duct  of  a  sheep.  It  was  of  a  reddish  tint,  in  conseouence  of  being 
mixed  with  a  little  blood,  perfecUv  fluid,  faintly  alkaline,  and  of  a 
slightly  saline  taste.     1000  parts  of  the  saliva  contained: 

W  stnr  ••••»•••        uuiHl 

Extract  of  flMh,  an  ormnic  matter  widi  which  chloride  of  soditim  ciyatal- 
lind  in  oGlobBdn,  okiride  of  aodram,  and  a  little  ao^ihocT^ 
ditm  --...--.l^i 

A  little  ptyaKn,  wife  a  good  deal  of  phon^iale  and  caifaonate  of  aoda,  and 
chloride  of  aodium     -.---•-M 

Macas  or  albumen,  with  a  little  phoiphate  and  caibonale  of  potarii         •  "G 

The  Pancreatic  Fluid. 

The  most  accurate  analysis  of  the  pancreatic  juice  is  that  of 
Tiedemann  and  Gmelin.^  Earlier  observers,  as,  for  instance,  De  la 
Bod,  De  Graf,  and  others,  had  shown  that  it  is  an  acid,  clear,  rather 
viscid  fluid,  possessed  of  a  saline  or  acid-saline  taste.  Wepfer, 
Pechlin,  and  Brunner,  on  the  other  hand,  had  described  it  as  turbid, 
of  a  whitish  colour,  not  acid,  but  having  a  saltish  taste,  somewhat 
like  the  lymph.  Mayer'  described  the  pancreatic  juice  of  a  cat  as 
transparent,  viscid,  decidedly  alkaline,  and  containing  albumen,  chlo- 
ride of  sodium,  and  a  peculiar  animal  matter.  Magendie  found  it 
alkaline  and  albuminous  in  a  dog,  and  in  birds  it  contained  so  large 
an  amount  of  albumen  as  to  coagulate  on  the  application  of  heat 

Tiedemann  and  Gmelin  cut  down  upon  the  pancreatic  duct  of  a 
strong  well-fed  dog,  and,  in  the  course  of  four  hours,  collected  about 
155  grains  of  the  fluid  secretion.  The  portion  that  was  first  col- 
lected was  turbid,  and  somewhat  red,  probably  in  consequence  of 
the  presence  of  a  little  blood.  This  was  placed  aside.  The  subse- 
quent portion  had  a  bluish-white  tint;  could  be  drawn  out  in 
threads  like  dilute  albumen,  had  a  faintly  saline  taste,  and  an  alka- 
line reaction.  1000  parts  left  87  of  solid  residue.  The  red  portion 
first  collected  has  a  faintly  acid  reaction.  The  principal  constituents 
were  extractive  matters,  chloride  of  sodium,  albumen,  and  a  sort  of 
modified  casein. 

The  pancreatic  juice  of  a  sheep  was  found  by  Gmelin  and  Tiede- 
mann to  be  clear,  slightly  acid,  and  of  a  faintly  saline  taste.  1000 
parts  left  36  of  solid  residue,  consisting  of  the  same  ingredients  as 
in  the  dog.  In  this  instance,  also,  the  portion  that  escaped  during 
the  latter  part  of  the  experiment  was  alkaline,  and  was  richer  in 
solid  constituents  than  the  fluid  that  escaped  earlier;  it  contained 
51*9  of  solid  constituents  in  1000  parts. 

The  following  is  the  result  of  their  analyses: 

*■  Op.  at  ToL  i  {x  25. 

*  Deotadk  Areh.  fur  die  Plqraologie,  vol  ill  p^  170. 


BILE.  307 

In  the  dog.  In  the  sheep. 

Water 917-2  9(53-5 

Extractive  mattera  and  salts  solable  in  alcohol     -  -  36-6  1&-5 

Caseous  matter  and  soda-salts  soluble  in  water     -  -  15*3  2-8 

Albamen  and  nits        .....         35-5  22-4 

The  alcohol-extract  of  the  pancreatic  juice  of  the  dog  yielded  a 
very  singular  reaction.  On  the  addition  of  a  little  solution  of  chlo- 
rine to  the  dissolved  alcohol-extract,  a  vivid  rose-red  tint  was  pro- 
duced, and,  in  the  course  of  twelve  hours,  there  was  a  precipitation 
of  delicate  violet-coloured  flocculi.  The  colour  was  immediately 
destroyed  by  the  addition  of  an  excess  of  chlorine.  An  attempt  to 
isolate  this  colouring  matter  proved  unsuccessful. 

Leuret  and  Lassaigne  have  analyzed  the  pancreatic  juice  of  a  horse, 
and  the  result  of  their  investigation  is,  that  it  is  almost  identical  in  its 
composition  with  human  saliva.  This  statement  is  so  much  at  va- 
riance with  the  results  obtained  by  Tiedemann  and  Gmelin,  that  we 
must  conclude  that  Leuret  and  Lassaigne  were  not  sufficiently  careful 
in  their  investigation. 

We  are  still  unable  to  state  vi^ith  any  degree  of  certainty  what  part 
the  pancreatic  fluid  performs  in  the  process  of  digestion.  There  can 
be  no  doubt  that  when  the  pancreas  is  diseased,  the  pancreatic  fluid 
must  be  also  aflected,  but  we  are  perfectly  in  the  dark  as  to  the  na- 
ture of  those  changes. 

The  Bile. 

Bilin  and  urea  can  hardly  be  regarded  as  simultaneous  products  of 
the  metamorphic  action  of  the  blood ;  for  while  I  have  detected  small 
quantities  of  urea  in  the  blood  of  a  healthy  calf,  I  have  never  been 
able  to  recognise  the  least  trace  of  bilin  or  of  bile-pigment  Hence, 
while  urea  is  produced  not  only  in  the  kidneys  but  in  other  parts  of 
the  system,  bilin  seems  to  be  produced  and  secreted  only  in  the  liver. 

The  bile  is  a  very  complicated  fluid.  According  to  the  latest  re- 
searches of  Berzelius,  it  contains  bilin;  cholepyrrhin  (or  biliphaein;) 
biliverdin;  mucus;  cholesterin ;  oleate,  margarate,  and  stearate  of  soda ; 
chloride  of  sodium;  sulphate,  phosphate,  and  lactate  of  soda;  and  phos- 
phate of  lime. 

Gmelin  and  Tiedemann,  as  well  as  Frommherz,  mention  casein  and 
ptyalin,  and  the  carbonates  and  sulphates  of  soda  and  lime,  among  the 
constituents  of  the  bile. 

A  perfect  analysis  of  bile  would  be  a  subject  of  extreme  labour  and 
difficulty,  and  we  must,  therefore,  confine  our  attention  to  its  most 
important  constituents.  Let  us  suppose  that  it  was  required  to  as- 
certain the  amount  of  bilin,  bilifellinic  acid,  and  cholesterin,  in  a  spe- 
cimen of  bile;  the  fluid  must  be  first  evaporated  to  dryness,  and  the 
amount  of  water  thus  estimated;  the  residue  must  be  repeatedly  ex- 
tracted with  ether,  the  ethereal  solution  evaporated  to  dryness,  and 
its  residue,  consisting  of  cholesterin  and  fluid  fat,  thoroughly  washed 
with  cold  and  not  too  strong  alcohol,  which  dissolves  the  greater 
27 
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poriioD  of  the  fluid  fat  It  must  then  be  digested  with  hot  alcohol 
ef  0*83;  and  as  this  solution  cools,  the  cholesterin  separates  in  crystals. 
After  the  removal  of  the  fat,  the  residue  is  treated  with  anhydrous 
alcohol,  which  takes  up  bilin,  bilifellinic  acid,  and  biliverdin.  The 
filtered  alcoholic  solution  is  then  treated  with  a  solution  of  chloride 
of  barium,  as  long  as  a  dark  green  precipitate  falls;  and  afterwards 
with  baryta  water,  guiiaiinif  as  long  as  it  causes  any  turbidity ;  it  is 
then  filtered,  the  excess  of  baryta  thrown  down  by  a  stream  of  car- 
bonic acid,  the  carbonate  of  baryta  removed  by  filtration,  and  the  so- 
lution evaporated  to  perfect  dryness.  The  residue  is  dissolved  in 
anhydrous  alcohol,  all  the  bases  are  thrown  down  from  the  alcoholic 
solution  by  sulphuric  acid  dissolved  in  strong  spirit,  and  then,  after 
filtration,  the  solution  is  mixed  with  moist,  pure  carbonate  of  lead, 
and  the  greater  part  of  the  alcohol  distilled.  The  fluid  remaining  in 
the  retort  is  removed  by  filtration  from  the  insoluble  portion,  the 
lead  removed  by  sulphuretted  hydrogen,  and  the  fluid  evaporated. 
The  residue,  after  being  extracted  with  ether,  leaves  pure  bilin  mixed 
with  a  certain  amount  of  fellinic  and  cholinic  acids,  which  must  be 
separated  with  oxide  of  lead.  We  then  obtain  pure  bilin  and  bilifel* 
linic  acid  combined  with  oxide  of  lead. 

An  accurate  quantitative  determination  of  the  most  important  in- 

rdients  of  the  bile,  although  difScult,  is  by  no  means  impracticable, 
is,  however,  very  uncertain  whether  the  result  of  tne  analysis 
would  afibrd  any  insight  into  the  true  character  of  that  changeable 
secretion.  From  the  latest  researches  of  Berzelius,  it  appears  that 
the  bilin  is  so  unstable  a  compound,  that  it  is  hardly  possible  to  ob- 
tain bile  in  the  condition  in  wnich  it  is  secreted  by  the  liver,  or  as  it 
exists  in  the  ^Il-bladder;  for  when  bile  is  left  to  itself,  and  much 
more  when  it  is  acted  on  by  heat  and  other  more  or  less  energetic 
agents,  the  bilin  undergoes  a  series  of  metamorphoses  by  which  fel- 
linic, cholinic,  and  very  probably  also  cholanic  and  fellanic  acids  are 
produced.  The  biliary  secretion,  as  it  exists  in  the  liver,  may  be 
regarded  as  pure  bilin  mixed  with  biliverdin  and  fats;  the  bilin  pro- 
bably commences  its  metamorphoses  in  the  ^all-bladder,  and  continues 
them  in  its  passage  onwards  into  the  intestinal  canal.  If  fellinic  and 
cholinic  acids  are  formed  in  the  gall-bladder,  then  the  presence  of  the 
two  bilifellinic  acids  in  fresh  bile  maybe  at  once  assumed,  since  they 
are  only  to  be  redded  as  combinations  of  the  former  with  different 
proportions  of  bilm.  It  is  not  by  any  means  probable  that  cbolic  acid 
exists  in  fresh  bile,  and  the  presence  of  dyslysin  and  taurin  may -be 
positively  denied;  consequently,  the  biliary  resin,  the  mixture  of 
fellinic  and  cholinic  acids  and  dyslysin  does  not  pre-exist  in  the  bile. 
Berzelius  and  Th6nard  have  made  quantitative  analyses  of  healthy 
human  bile:  they  found,  in  1000  parts: 

BeneUus.  TUmard. 

Water       ....    9(f7'A    Water  ....    909O 

Bilin,  fisDinic  add,  dec.        .  .      8(H)    Yellow  and  ireiy  bitter  resin  •  -      37-3 

Mucua  difBohed  in  a  hte  alkali  90    Brown  pigmeot  and  mncua    •  ]<B— 90 
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fVee  alkafi  and  die  opdiDaiy  nits    -       9^    Anyomen       .          .          .          «  3M 

Soda  holding  the  rani  in  foIntioD      -  &1 
Salts  of  poluh  and  aoda,  and  pwooade 

ofiran       •          -          -          -  4*1 

According  to  Gmelin  and  Tiedemann,  human  bile  contains  biliary 
sagar,  brown  pigment^  a  little  biliary  resin,  cholesterin,  ptyalin^ 
mucus,  oleic  acid,  and  salts. 

[In  the  year  1837,  Demar^ay  announced  that  the  bile  consisted 
essentially  of  an  organic  acid  combined  with  soda.  He  termed  this 
acid  choleiCj  and  obtained  it  in  the  following  manner:  Bile  from 
which  the  mucus  had  been  precipitated  by  a^ohol  was  evaporated 
on  the  water-bath,  and  ten  parts  of  the  dried  residue  were  dissolved 
in  100  of  water,  to  which  ten  of  hydrochloric  acid  had  been  added. 
Allowing .  evaporation  at  a  moderate  temperature  to  proceed,  it  was 
observed  that  a  dark  green  oil  collected  on  the  surface,  while,  at  the 
same  time,  the  fluid  became  turbid.  On  removing  the  oil,  and  allow- 
ing the  fluid  to  rest  for  some  time,  it  gradually  became  clear,  with 
the  precipitation  of  a  green  deposit  This  dark  green  bitter  pre- 
cipitate IS  Demargay's  choleic  acid,  and  is  regarded  by  him  as 
constituting  nine  tenths  of  the  solid  constituents  of  the  bile.  It  is 
still  mixed  with  margaric  acid,  cholesterin,  pigment,  &c.  Afler  the 
removal  of  these  impurities,  it  is  described  by  Demar^ay  as  a  yellow, 
spongy,  pulverulent  matter,  which  rapidly  absorbs  oxygen  from  the 
atmosphere;  very  bitter,  slightly  soluble  in  ether,  soluble  in  water, 
and  very  soluble  in  alcohol.  Its  solutions  have  an  acid  reaction, 
decompose  carbonates,  and  form  a  peculiar  class  of  salts  with  bases 
from  which  the  choleic  acid  may  be  removed  by  acetic  acid.  Its 
composition  is  represented  by  the  formula  C  H  NO  .  The 
choleate  of  soda  obtained  by  adding  an  alcoholic  solution  oi  soda  to 
an  alcoholic  solution  of  choleic  acid  till  there  is  an  alkaline  reaction, 
and  then  passing  a  current  of  carbonic  acid  through  it  to  remove  the 
excess  of  soda,  possesses  all  the  characters  of  bile;  it  yields,  on 
evaporation,  a  brown  resinous  mass,  and  is  soluble  in  water  and  in 
alcohol. 

When  choleic  acid  is  boiled  with  hydrochloric  acid,  it  yields 
ammonia,  taurin,^  and  choloidic  acid;  the  latter  being  insoluble,  is 
deposited.  (Compare  this  with  page  50.)  Choloidic  acid  is  solid, 
fusible,  of  a  yellow  colour,  and  bitter  taste,  insoluble  in  water,  and 
soluble  in  alcohol.  It  combines  with  bases,  neutralizing  them,  and 
forming  salts  which  are  soluble  in  alcohol.  It  contains  no  nitrogen, 
and  its  formula  is  C^H^O  . 

Dr.  Kemp  has  communicated  some  experiments  relative  to  the 
bile,  tending  to  show  that  it  is  principally  composed  of  a  mere 
simple  solution  of  a  salt  of  soda,  the  acid  which  differs  from  the 
choleic  acid  of  Dcmar^ay  in  several  respects;  he  terms  it  biiic  acid. 

«  It  haa  been  leomtiy  aaserted  bv  Redtenbacher  that  taurin  contains  26}  of  sulphur.  Heace 
the  fcrmula  C«H,NO  (see  49)  lails  to  represent  its  true  compoeitkn. 
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Liebig  has  published  a  memoir  based  on  Kemp's  experiments,  in 
which  he  arrives  at  very  similar  conclusions,  but  regards  bilic  acid 
as  identical  with  the  choleic  acid  of  Demargay  and  the  bilifellinic 
acid  of  Berzelius. 

Theyer  and  Schlosser  have  subsequently  published  an  account  of 
some  new  researches  on  the  bile  which  were  made  in  the  Giessen 
laboratory,  and  confirm  the  accuracy  of  Liebig's  previous  conclusions. 

In  a  recent  essay  on  the  bile,  by  Platner,^  it  is  shown  that  the 
bilic  acid  and  acid  bilate  of  soda  may  be  procured  in  a  crystalline 
state.  In  a  subsequent  communication  by  the  same  chemist,  after 
correcting  certain  errors  in  his  first  paper,  he  proceeds  to  show  that 
two  distinct  substances  are  met  with  in  perfectly  fresh  bile:  ^I  have 
been  able,"  he  observes,  <<  to  cause  bile,  which  was  evaporated  in  a 
water-bath,  and  freed  from  mucus  and  the  greater  part  of  its  salts  by 
repeated  solution  in  alcohol,  to  crystallize  immediately.  For  this 
purpose  nothing  further  is  necessary  than  to  add  ether  repeatedly  to 
as  strong  an  alcoholic  solution  of  the  bile  as  possible,  and  then  to  set  it 
aside  in  a  cool  place.  The  principal  and  most  important  constituent 
of  the  bile  then  crystallizes,  in  the  same  manner  as  in  my  fpnner 
experiments;  but  | — i  of  the  bile  used  does  not  crystallize,  but  re- 
mains as  yellowish-brown  syrup.  I  have  not  been  able  to  succeed  In 
separating  this  in  any  manner  from  the  crystals;  consequently,  I  can 
say  nothing  more  concerning  its  nature.  It  is,  however,  evidently  a 
difierent  suostance  from  the  principal  constituent  of  the  bile,  possioly 
a  product  of  its  decomposition.  The  decomposition  of  tiie  bile 
begins  even  in  the  organism,  and  it  is  impossible  to  examine  fresh 
bile  which  is  not  partly  decomposed.  The  brown  liquid  appears  to 
consist  principally  of  biliary  colouring  matter.  I  must,  however,  re- 
mark that  the  crystals  have  also  a  slightly  yellow  tint.  The  prin- 
cipal constituent  of  bile  is  a  compound  of  soda  with  a  peculiar 
organic  body,  and  this  compound  may  be  immediately  procured  from 
the  bile  without  its  undergoing  any  important  alteration.  Liebig 
called  this  compound  bilate  of  soda;  I  have  denominated  it  choline- 
soda.  It  does  not  appear  to  me  sufficiently  proved  that  the  principal 
organic  constituent  of  bile  is  positively  an  acid.  It  is  possible  that, 
like  albumen,  it  may  combine  with  acids  as  well  as  with  bases.  The 
most  recent  examinations  of  the  bile  by  Berzelius  would  then  be 
partly  true.  Further  experiments  must  decide  this.  These,  however, 
are  peculiarly  difficult,  because,  in  separating  the  bile  from  soda,  an 
acid  body  may  undoubtedly  be  formed.  From  the  above  observation, 
it  is  further  evident  that  the  formula  advanced  by  Liebig  for  bilic  acid 
must  be  incorrect;  for  Kemp,  Theyer,  and  Schlosser  have  not 
analvzed  the  essential  biliary  ingredient  in  a  perfectly  pure  state, 
but  have  always  at  the  same  time  included  the  brown  syrup.] 

1  MuUei'fl  AiduY.  Na  2, 1844. 
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Morbid  Bile. 


Our  knowledge  of  the  changes  that  the  bile  undergoes  in  disease 
is  still  very  superficial. 

In  persons  suffering  from  dropsy,  the  bile  is  stated  by  Forget  to 
be  thinner,  and,  in  persons  with  diseased  liver,  thicker,  than  in  the 
normal  state,  i  examined  the  contents  of  the  gall-bladder  of  the 
woman  with  icterus,  referred  to  in  p.  269.  I  only  obtained  a  small 
quantity  of  viscid,  dirty  yellow  fluid,  from  which  alcohol  precipi* 
tated  mucus  and  albumen.  The  portion  soluble  in  alcohol  yielded, 
after  evaporation,  a  small  quantity  of  a  viscid  substance  with  a  sweet 
rather  than  a  bitter  taste.  Bizio^  has  analyzed  a  remarkable  speci- 
men of  bile  taken  from  the  gall-bladder  of  a  man  who  died  in  a 
jaundiced  condition.  It  was  a  fluid  of  a  dark-red  colour,  thick,  of  a 
nauseous  but  not  bitter  taste,  with  an  odour  of  putrid  fish,  and 
holding  in  suspension  red  and  black  particles.  It  contained  fatty 
oil,  3'972;  stearin,  8*613;  ereen  resin,  2030;  a  yellow,  non-nitro- 
genous, hard  substance,  soluble  in  alkalies,  in  cold  hydrochloric 
acid,  and  in  alcohol,  1*937;  erythrogen,  4*157;  dissolved  haematin, 
3*146;  a  gummy-saccharine  extract  with  colouring  matter,  1*978; 
soluble  albumen,  7*282;  fibrin,  11*348;  phosphate  of  soda,  1*340; 
chloride  of  sodium,  0*984;  phosphate  of  lime,  1*320;  peroxide  of 
iron,  0*532;  water,  51*232. 

[Scherer*  analyzed  the  bile  of  a  man  who  died  in  a  state  of  icterus. 
It  was  a  thick  fluid  of  a  blackish  ereen  colour,  and  exhibited  under 
the  microscope  a  large  number  of  pigment-cells.  It  contained  in 
1000  parts: 
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Not  a  trace  of  cholesterin  could  be  discovered  in  this  bile,  which 
Scherer  regards  as  singular,  although,  according  to  Berzelius,  it 
amounts  to  only  -0001 S  of  healthy  bile,  (in  the  ox,)  a  quantity  easily 
overlooked.  The  bile-pigment^  in  healthy  bile  is  imponderable;  its 
amount  in  this  case,  as  well  as  that  of  the  solid  constituents  generally, 
is  enormous.] 

Chevallier^  found  that  the  bile  of  a  man  with  scirrhous  pancreas, 
who  died  jaundiced,  was  of  a  pale  greenish  yellow  colour,  evolved  a 

^  Brugnaldli  Giom.  di  Fbka,  voL  xr.  {x  455. 

*  UnterrodniDseo,  &c^  p.  103. 

*  [Scfaerar  htm  reomUy  inveitigated  tbe  oompoBtian  and  poropertief  of  hiliaiy  oolourinj;  mat- 
ter.   A  notksofhkreeeaichesmay  beibuiidumy  ReportonUie  Progre^ 

**The  Hal^yeailT  Abstract  of  the  Medical  Scknoea,"  vol.  1 1845.] 
4  Jour,  de  Chtm.  MM.,  vol  ii.  p.  461. 

27* 
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putrid  odour,  had  an  alkaline  reaction,  and  a  faint,  slightly  saline 
taste:  it  contained  a  yellow,  semi-crystalline  fat,  ereen  resinous  mat- 
ter, ptyalin,  osmazome,  soluble  albumen,  hydrosuTphate  of  ammonia, 
and  phosphate,  sulphate,  and  hydrochlorate  of  soda.  Chevallier 
founa  that  the  bile  of  a  woman  who  died  from  pulmonary  phthisui 
was  of  a  brownish  yellow  colour,  and  yielded  22  of  dried  residue,  of 
which  0*83  was  biliary  sugar.  According  to  Uhevreul,  the  bile  in 
cases  of  phthisis  contains  very  little  fat  The  bile  of  a  woman  who 
died  from  the  efiectB  of  syphilis  is  described  by  Chevallier  as  of  a 
dark  green  colour;  it  yielded  20 — 30  J  of  dried  residue,  of  which  one 
third,  or  0*94,  was  biliary  sugar,  with  resinous  and  yellow  matter. 

Phoebus^  found,  that  in  persons  who  died  from  cholera,  the  gall- 
bladder was  usually  tolerably  full,  (sometimes  to  an  excess,}  and  that 
the  bile  was  rather  dark-coloured.  According  to  Herrmann,  the  bile 
in  cholera  contains  an  excess  of  resin. 

In  cases  of  fatty  degeneration  of  the  liver,  there  is,  according  to 
Th6nard,  a  diminution  of  the  biliary  resin,  and  the  bile  appears  as  a 
mere  albuminous  fluid,  and  by  the  time  that  the  liver  contains  five- 
sixths  of  its  weight  of  fat,  the  bile  loses  all  its  original  characters. 

Lehmann'  states  that  the  bile  of  a  dropsical  boy  developed  a  large 
amount  of  hydrosulphate  of  ammonia,  a  circumstance,  which  in  otter 
cases,  did  not  occur  even  when  the  bile  had  been  kept  for  some  days. 

Bile  of  Animals. 

The  bile  of  animals  has  been  examined  by  Berzelius,  Gmelin,  Th6- 
aard,  myself  and  other  chemists. 

[According  to  the  latest  observations  of  fierzelius,  filtered  ox-gall, 
when  evaporated  to  dryness  at  a  temperature  of  266^  gives  off  928*38 
parts  of  water,  and  leaves  71*62  of  solid  residue,  consisting  of — 

Mucus             ........  2-310 

Extractive  matter  insoluble  in  alcohol,  with  alkaline  sulphates  and  phos- 
phates             4-334 

Cluonde  of  sodiuro,  lactate  of  soda,  and  extractive  matter  soluble  in  alcohol  15-000 

Bilin  and  cholepyrrhin              ......  SOHXX) 

Gbolesteiin      -           -            ......  OOl 

According  to  Enderlin,^  the  following  salts  occur  in  the  bile  of 
the  ox: 

Chdeate  (or  Hlate)  of  soda, 

Tribasic  phomhate  of  soda, 

Alkaline  sulphates, 

Chlorides  or  sodium  and  potassium, 

Phosphate  of  lime, 

Phofphate  of  magnesia, 

Fhomhate  of  peroxide  of  iron,  and  occasionally 

Sulphate  of  lime. 

The  bile  of  the  ox  and  of  the  swine  has  likewise  been  analyzed 

'  Cholera  Archiv.  vol  i.  p.  399. 

'  Summarium,  vol  xiL  1839. 

*  Annalen  der  Chemie  und  Fhannacie,  1644. 
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by  Th^nard,  and  the  bile  of  the  dog  by  Gmelin,  but  the  descriptions 
ire  of  so  vague  a  character  as  to  be  of  little  or  no  use.  The  same 
objection  applies  to  their  examination  of  the  bile  of  various  birds.] 

In  the  bile  of  the  Python  bivitiatus  Berzelius  found  bilin  (as  in 
the  mammalia,)  a  small  quantity  of  bilifellinic  acid,  bile-pigment 
the  same  as  in  other  classes  of  animals,  a  little  crystalline  biliary 
matter  precipiCable  by  carbonate  of  potash,  similar  to  that  which  oc- 
curs in  the  bile  of  fishes,  ptyalin  or  a  substance  resembling  it,  a  pe- 
culiar animal  matter,  soluble  only  in  boiling  water,  fatty  acids,  and 
the  ordinary  salts.  The  bile  of  the  Coluber  natrix  is  described  by 
Gmelin  as  of  a  grass-green  colour,  transparent,  perfectly  fluid,  and 

Cssing  through  the  ordinary  change  of  colour  (blue,  red,  and  yel- 
.  w)  on  the  addition  of  nitric  acid. 

The  bile  of  the  Rana  esculenta  and  R,  temporaria  is  very  fluid, 
of  a  pale  green  colour,  and  yields  the  ordinary  series  of  tests  with  ni- 
tric acid.  The  bile  of  the  water  frog  leaves  a  somewhat  crystalline 
residue  on  evaporation;  the  bile  of  the  grass-frog  has  a  sweetish  taste, 
and  is  less  bitter  than  fish  bile. 

The  bile  of  the  Cyprinus  leuciscus  is  described  by  Gmelin  as 
green,  transparent,  and  fluid,  communicating  a  sweet  and  afterwards 
a  very  bitter  taste  to  the  gustatory  organs,  neutral  in  its  reaction,  af- 
fected, as  to  its  colour,  by  nitric  acid  like  other  bile,  and  coagulating 
immediately  on  the  addition  of  potash  into  a  greenish  white  granular 
mass,  becoming  covered,  on  evaporation,  with  an  almost  colourless 
crystalline  film,  and  yielding  14*3^  of  a  dark  green,  transparent,  crys- 
talline residue. 

The  bile  of  the  Cyprintis  barbus  is  similar  to  that  of  C.  leucisetis 
in  its  physical  characters,  and  yields  19*3§  of  a  dark  green  crystalline 
residue. 

The  solid  residue  of  the  bile  of  the  Salmofario  and  Esox  lucitis 
is  stated  to  be  non-crystalline. 

On  the  Action  of  the  Bile  in  the  process  of  Digestion* 

We  are  as  ignorant  of  the  action  of  the  bile  on  the  chemical 
changes  that  the  food  undergoes  in  the  intestinal  canal  and  in  the 
process  of  chylification,  as  of  the  exact  influence  of  the  saliva  or  of 
the  pancreatic  juice.  Experiments,  with  the  view  of  deciding  this 
point,  have  been  instituted  by  Brodie  and  by  Tiedemann  and  Gme- 
lin, and  the  conclusions  to  which  they  lead,  are,  that  the  bile  does  not 
exert  any  material  influence  upon  digestion  and  chylification.  As- 
suming that  these  experiments  were  correctly  performed,  the  bile 
must  be  regarded  as  a  mere  excretion,  whose  removal  from  the  or- 
ganism is  as  necessary  for  the  preservation  of  the  normal  constitution 
of  the  blood  as  the  removal  of  carbonic  acid,  urea,  &c. 

Tiedemann  and  Gmelin  state  as  the  results  of  their  observations 
on  animals,  in  which  the  flow  of  bile  into  the  intestine  was  prevented: 
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Ist,  that  digestion  (as  had  been  stated  by  Brodie)  proceeds  just  as 
perfectly  as  when  the  supply  o(  bile  is  not  hindered;  2d,  that  the 
contents  of  the  small  intestine,  caecum,  and  large  intestine,  after  the 
application  of  a  ligature  to  the  ductus  communis  choledochus,  do  not 
differ  in  any  essential  degree  from  their  ordinary  state ;  and  3d,  that 
the  bile  plays  no  essentid  part  in  the  formation  of  chyle. 

Notwithstanding  these  general  conclusions,  they  found  that  the 
chyle  of  dogs,  in  whom  the  ductus  communis  choled.  was  tied,  was 
perfectly  clear,  whilst  in  the  natural  state  it  is  white  and  turbid  in 
consequence  of  the  fat  held  in  suspension;  a  difference  not  to  be 
passed  over  as  altogether  unimportant  Another  undeniable  effect 
of  the  bile  in  chylification  consists  in  the  neutralization  of  the  free 
acid  of  the  chyme  by  the  alkali  that  is  associated  in  so  unstable  a 
manner  with  the  biliary  secretion,  in  consequence  of  which  the  bilin 
gradually  begins  to  undergo  certain  changes,  but  whether  of  the  same 
nature  as  in  the  laboratory  of  the  chemist  it  is  impossible  to  decide. 

[That  the  bile  is  not  merely  an  excremenlitlous  fluid,  intended  to 
remove  effete  matter  from  the  blood,  biit  that  it  is  a  secretion  essen- 
tial to  the  animal  economy,  was  rendered  almost  certain  by  the  ex- 
periments of  Berzelius,  Theyer,  and  Schlosser,  which  showed  that 
the  human  faces  contained  much  too  small  a  quantity  of  a  substance 
resembling  bile  to  justify  the  idea  that  it  is  evacuated  in  this  manner. 
A  further  proof  that  the  bile  is  absorbed  and  not  excreted,  is  afforded 
by  an  examination  made  by  Enderlin,  of  the  ash  yielded  by  the  con- 
tents of  the  different  portions  of  the  intestinal  canal  of  a  hare.  He 
found  that  the  ash  from  the  contents  of  the  duodenum  alone  effer- 
vesced on  the  addition  of  an  acid,  thus  showing  that  the  choleate 
of  soda  (which  yields  the  carbonate  on  incineration,)  is  absorbed  be- 
fore reaching  the  jejunum.  Schwann  has  recently  established  this 
opinion  beyond  a  doubt,  by  a  series  of  well-devised  experiments  on 
dogs.  He  tied  the  ductus  communis  choledochus,  and  at  die  same 
time  formed  a  fistulous  opening  in  the  gall-bladder,  by  which  the  bile 
escaped  externally.  His  most  important  conclusions  are,  Ist,  That 
when  the  bile  does  not  get  into  the  bowel,  its  absence  is  generally 
perceptible  in  dogs,  about  the  third  day,  by  a  marked  diminution  in 
weight;  and,  2dly,  That  unless  the  channel  for  the  conveyance  of 
bile  to  the  duodenum  is  re-established,  symptoms  of  deficient  nutri- 
tion, wasting,  debility,  &c.,  ensue,  and  death  is  the  ultimate  conse- 
quence.] 

If  the  bilin  becomes  decomposed  in  the  intestinal  canal  into  vari- 
ous constituents,  through  the  influence  of  the  acid  chyme,  then  a 
wide  field  of  investigation  is  open  to  us  respecting  the  function  of 
the  biliary  secretion  in  relation  to  chylification.  No  explanation  has 
yet  been  afforded  of  the  discrepancy  in  the  amount  of  albumen  con- 
tained in  the  chyme  absorbed  by  the  intestinal  villi,  and  in  the  chyle 
discharged  by  the  absorbents,  (even  without  passing  through  the 
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mesenteric  glands.)  May  it  not  happen  that  a  constituent  of  the  bile 
acts  on  some  hitherto  ill-defined  protein-compound  of  the  chyme^ 
and  converts  it  into  the  form  known  as  uncoagulated  albumen? 

ON  THE  GASTRIC  JUICE,  DIGESTION,  AND  THE  CHYME. 

Oastric  Juice. 

The  gastric  juice  has  been  examined  by  numerous  chemists,  in 
consequence  of  the  importance  attributed  to  it  in  the  process  of  diges- 
tion. There  have  been  found  in  it  free  acids,  a  considerable  amount 
of  salts,  and  certain  indefinite  animal  substances,  which  were  known 
at  the  period  to  which  we  refer  as  osmazome  or  salivary  matter. 
Experiments  on  artificial  digestion  have  thrown  much  light  on  the 
nature  of  the  gastric  juice.  Eberle^  proved  that  an  artificially-formed 
gastric  juice  does  not  thoroughly  dissolve  food,  unless  a  small  quan- 
tity of  gastric  mucus,  or  a  portion  of  the  mucous  membrane  of  the 
stomach  be  added  to  it  On  the  strength  of  this  discovery,  Miiller 
and  Schwann'  instituted  a  series  of  experiments,  from  which  Schwann 
was  led  to  conclude  that  the  gastric  juice  contains  a  peculiar  sub- 
stance, which,  co-operating  with  an  acid,  possesses  the  property  of 
rapidly  dissolving  substances  insoluble  in  mere  water,  or  in  a  mix- 
ture of  extractive  matters,  salts,  and  a  little  acid,  as  for  instance, 
fibrin,  coagulated  albumen  or  casein.  To  this  somewhat  problematic 
substance  he  gave  the  name  of  pepsin:  Wassmann^  and  Pappen- 
beim^  have  endeavoured  to  isolate  it     (See  p.  30.) 

Prout'  has  shown  that  the  free  acid  of  the  gastric  juice  is  muriatic 
acid.  Gmelin  and  Tiedemann^  have  found  it  associated  with  acetic 
acid,  and  in  the  gastric  juice  of  horses,  with  butyric  acid:  there  is 
no  doubt  that  lactic  acid  is  likewise  contained  in  it  From  the 
researches  of  the  latter  chemists,  which  are  the  most  perfect  that  we 
possess  on  the  subject,  it  appears  that  in  addition  to  the  free  acids, 
the  gastric  juice  contains  mucus,  and  occasionally  (in  horses)  a  very 
small  quantity  of  albumen,  extractive  and  salivary  matter,  and  that 
the  ash  consists  of  alkaline  muriates  and  sulphates,  a  little  phosphate 
and  sulphate  of  lime,  chloride  of  calcium,  magnesia,  and  peroxide 
of  iron. 

The  gastric  juice  collected  from  the  empty  stomach,  although 
mixed  with  mucus,  was  tolerably  clear;  it  was  neutral,  of  a  yellow 
colour,  a  saline  tasle,  and  on  evaporation  left  only  2§  of  solid  consti- 
tuents. Gastric  juice  obtained  by  irritating  the  stomach  with  pebbles 
was  acid,  viscid,  and  of  a  pale  brown  colour.  Hiinefeld  does  not  be- 
lieve that  there  is  any  free  hydrochloric  acid  in  gastric  juice. 

I  Phyiaolode  der  Verdauungi    Wui^uig,  1834. 

s  Uber  die  KQMlliche  Verdaaung  des  geronnen  Eiweines,  MiiOer's  Ardihr.  1836. 

■  De  Digefdone  nonnuDa.  Dm.  inaug.    BeroL  1839. 

4  Zxa  Kenntnifli  der  Veidautmg.    Bredau,  1839. 

ft  PhDok  TraoaKtioofl,  1824,  p.  45. 

•  Die  VeidaouDg  nach  Verracfaen,  p.  150. 
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Berzelius  analyzed  nstric  juice  collected  by  Beaumont  from  a 
youne  man  with  a  fistulous  opening  into  the  stomach.  It  had  been 
kept  for  five  months  before  Berzelius  received  it,  and  was  therefore 
totally  unfit  for  the  purpose  of  analysis.  In  that  condition  it  was 
clear,  yellow,  devoid  of  odour,  reddened  litmus  paper  in  a  djicided 
manner,  and  left  a  solid  residue  of  1-269$,  consisting  principally  of 
crystals  of  chloride  of  sodium,  in  the  interstices  of  which  was  a  brown 
extractive  matter,  which,  on  exposure  to  the  air,  resolved  itself  into 
a  dark  brown  thick  syrup.  Its  quantity  was  too  small  to  admit  of 
its  being  accurately  examined,  but  it  was  proved  to  contain  lime  and 
a  proto*saIt  of  iron.  Beaumont  describes  human  gastric  juice  as  a 
clear,  inodorous,  saline,  and  very  acid  fluid,  which  effervesces  on  the 
addition  of  alkalies.  Dunglison  detected  in  it  free  hydrochloric  acid, 
an  animal  substance  soluble  in  cold  but  not  in  hot  water,  and  acetic, 
phosphoric,  and  hydrochloric  acids,  in  combination  with  potash,  soda, 
lime,  and  magnesia. 

The  gastric  juice  of  a  horse,  collected  by  irritating  its  empty  sto- 
mach with  pebbles,  was  found  by  Omelin  to  contain: 

Water 964.00 

Solid  reodue  ....  l&OO 

Orguksoooflliliiaito     •       -  10^ 

Salt!  ■oloble  m  water  -       -  M2 

Salts  inaoluble  in  water        -  0-46 

[Braconnot  has  examined  the  gastric  juice  collected  by  means  of 
singes  from  the  stomachs  of  dogs,  but  his  results  are  not  very  defi- 
nitely given.] 

Hence  it  appears  that  the  principal  constituents  of  the  acid  gastric 
juice  are  pepsin;  a  substance  not  yet  carefully  examined,  but  bearing 
a  close  resemblance  to  extract  of  flesh ;  an  unexamined  substance  re- 
sembling salivary  matter;  free  acids,  especially  muriatic  acid;  mucus; 
sometimes  a  little  albumen;  salts,  especially  alkaline  chlorides,  mu- 
riate of  ammonia,  (according  to  Hunefeld,)  and  a  small  quantity  of 
earthy  salts. 

[M.  Blondlot  has  recently  published  a  treatise  on  digestion,^  de- 
tailing very  numerous  experiments  made  upon  dogs,  in  which  fistulous 
openings  into  the  stomach  were  maintained  for  upwards  of  two  years. 
The  gastric  juice  was  obtained  in  very  large  quantities.  Submitted 
to  distillation,  the  fluid  passing  over  did  not  exhibit  the  slightest  acid 
reaction,  whilst  the  residue  in  the  retort  was  always  strongly  acid. 
Hence  he  concludes  that  the  acid  of  the  gastric  fluid  is  neither  hy- 
drochloric nor  acetic  acid,  since  both  these  are  volatile.  The  ftastrie 
fluid  of  other  animals  gave  the  same  result  on  being  distilled.  When 
chalk  or  any  other  carbonate  of  lime  was  added,  no  eflervescence  en- 
sued, proving  the  acid  not  to  be  the  lactic.  M.  Blondlot  concludes 
that  the  acid  reaction  of  healthy  gastric  juice  is  owing  to  the  presence 

1  Trait6  analytique  de  la  Digefltioii.    Farii»1843. 
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of  superphosphate  or  biphosphate  of  lime.  He  adds — Ist.  That  there 
is  no  other  acid  fluid  which  can  remain  acid,  and  fail  to  decompose 
carbonate  of  lime.  2d.  That  sulphuric  acid,  added  to  gastric  juice, 
precipitates  an  abundance  of  sulphate  of  lime,  and  oxalic  acid  preci- 
pitates oxalate  of  lime.  3d.  Potass,  soda,  ammonia,  and  lime  water, 
jmrodute  abundant  precipitates  of  neutral  phosphate  of  lime.  4th. 
That  the  calcined  ash  of  gastric  juice  is  not  deliquescent,  dissolves 
without  effervescence  in  hydrochloric  acid,  forming  chloride  of  cal- 
cium; it  therefore  contains  neutral  phosphate  of  lime,  the  excess  of 
acid  being  driven  off*  in  the  calcination. 

M.  Blondlot  believes  that  the  digestive  property  of  gastric  juice 
depends,  not  on  its  obvious  chemicaiconstitution,  but  upon  a  peculiar 
organic  principle.  If  exposed  to  a  temperature  of  104°  to  122°  F., 
or  higher,  it  loses  entirely  and  irrevocably  its  digestive  powers,  al- 
though to  all  appearance,  and  even  as  to  its  composition,  as  made 
known  by  analysis,  it  remains  unchanged.  With  the  exclusion  of 
the  air,  gastric  juice  may  be  kept  for  two  years  without  loss  of  its 
activity;  but  with  the  free  access  of  air,  it  putrefies  in  five  or  six 
days,  although  the  chyme  which  it  forms  from  nitrogenous  organic 
substances  may  be  preserved  for  two  or  three  months  without  change. 
The  precipitation  of  all  the  lime  it  contains  does  not  affect  its  acti- 
vity, nor  are  its  chlorides  indispensable,  but  whatever  acts  upon  its 
organic  constituents,  (heat,  strong  alcohol,  or  strong  acids,)  or  which 
removes  them,  (such  as  animal  charcoal,  chlorine,  tannic  acid,  or  ace- 
tate of  lead,)  destroys  all  its  digestive  properties. 

M.  Blondlot  also  shows — a.  That  coagulated  albumen  resists  the 
action  of  the  gastric  juice  only  from  its  compact  form.  When  co- 
agulated in  very  small  particles,  as  the  white  of  an  egg  beaten  into  a 
froth  and  poured  into  boiling  water,  it  is  digested  as  quicklv  as  soft 
fibrin,  b.  That  the  action  of  the  stomach  in  coagulating  milk  is  not 
due  to  its  digestive  principle  solely,  but  to  its  acid,  which  acts  like 
lactic  acid.  c.  That  the  effect  of  the  gastric  fluid  upon  bones,  whether 
entire  or  not,  is  to  disintegrate  them  slowly,  beginning  at  the  surface, 
and  to  reduce  the  earthy  matter  into  a  fine  chalky  powder,  but  with- 
out  dissolving  or  decomposing  it  The  earthy  maUer  not  being  dis- 
solved,  proves  that  no  hydrochloric  acid  has  acted  upon  it;  it  is  all 
discharged  with  the  feces. 

Since  the  work  of  M .  Blondlot  was  published,  two  other  French 
chemists,  MM.  C.  Bernard  and  C.  Barreswil,^  have  made  an  experi- 
mental investigation  into  the  properties  of  the  gastric  juice.  They 
start  with  the  assumption  that  this  fluid  owes  its  digestive  properties 
to  the  union  of  two  principles:  1st,  an  acid;  2d,  a  peculiar  organic 
matter  destructible  by  heat  What  is  the  nature  of  the  acid?  ^  The 
principal  fact  which  has  been  adduced  to  prove  that  the  acid  reaction 
IS  owing  to  the  presence  of  biphosphate  of  lime  is,  that  it  may  be 
treated  with  carbonate  of  lime  without  effervescence.  Our  experi- 
ments show  that  this  arises  from  the  dilution  of  the  acid,  which  allows 

i  Joomal  de  PhaniMcie,  Jm.  1845. 
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the  carbonic  acid  to  be  dissolved  as  it  is  formed.  When,  thereforei 
the  gastric  juice  is  concentrated,  it  causes  a  considerable  effervescence 
with  chalk.  Moreover,  gastric  iuice  dissolves  neutral  phosphate  of 
lime,  whilst  this  salt  is  entirely  insoluble  in  a  solution  of  the  biphos- 
phate.  On  distilling  gastric  Juice,  the  first  distillate  exhibits  no  acid 
reaction.  If  a  mere  trace  of  acetic  acid  or  acetate  of  soda  is  added 
previous  to  distillation,  it  gives  no  acid  reaction;  the  normal  acid  is 
not  therefore  acetic.  This  also  appeared,  at  first  sight,  to  prove  it 
could  not  be  hydrochloric  acid;  but  on  distilling  water  rendered 
slightly  acid  by  hydrochloric  acid,  nothing  passes  over  at  first  but  pure 
water,  the  acid  not  distilling  until  the  end  of  the  operation.  On  dis- 
tilling gastric  juice,  a  neutral  limpid  liquor  passes  over,  which  is  not 
precipitated  with  nitrate  of  silver;  when  about  four-fifths  has  distilled 
over,  the  distillate  is  perceptibly  acid,  nevertheless,  it  does  not  render 
a  solution  of  nitrate  of  silver  turbid ;  but  at  the  end,  and  when  only 
a  few  drops  of  the  gastric  juice  remain  in  the  retort,  an  acid  liquid 
passes  over  which  precipitates  salts  of  silver;  this  is,  doubtless,  hy- 
drochloric acid.  Does  this  acid  exist  free  in  gastric  juice,  or  has  a 
chloride  been  decomposed  in  this  operation?  When  the  least  trace 
of  oxalic  acid  is  added  to  gastric  juice  which  we  know  contains  lime, 
a  turbidity  is  produced  from  the  formation  of  an  insoluble  oxalate  of 
lime;  but  if  to  water  acidified  with  2000ths  of  its  amount  of  hydro- 
chloric acid,  and  containing  chloride  of  lime,  the  same  reagent  be 
added,  no  turbidity  ensues.  This  clearly  proves  that  hydrochloric 
acid  exists  as  a  chloride  in  the  gastric  juice,  and  not  in  a  free  state. 

When  concentrated  by  evaporation,  gastric  juice  is  strongly  acid, 
effervescing  with  chalk,  and  not  losing  its  acid  reaction  in  the  pre- 
sence of  an  excess  of  the  chalk.  This  proves  the  presence  of  phos- 
phoric acid.  On  saturating  the  acid  with  lime  and  oxide  of  zinc,  and 
filtering  the  solution,  the  neutral  filtrate  contains  both  zinc  and  lime, 
therefore  phosphoric  acid  is  not  the  only  free  acid  in  the  juice. 
What  is  the  acid  combined  with  the  zinc  and  lime  in  the  filtered  so- 
lution? It  is  one  which,  as  we  have  seen,  passes  over  at  the  end  of 
the  distillation,  and  does  not  precipitate  salts  of  silver.  These  cha- 
racters belong  to. lactic  acid.  On  distilling  water  slightly  acidulated 
with  lactic  acid,  a  small  quantity  of  chloride  of  sodium  being  added, 
we  obtain  a  fluid  analogous  to  gastric  juice;  first,  pure  water  passes 
over,  then  an  acid  which  does  not  precipitate  salts  of  silver,  and  the 
last  drops  cariy  over  hydrochloric  acid.  So  that  it  is  evident  that 
the  presence  of  hydrochloric  acid  in  the  last  product  of  distillation 
of  the  gastric  juice  is  owing  to  the  decomposition  of  the  chlorides 
by  lactic  acid." 

Hydrochloric  acid  cannot  exist  in  a  free  state  in  the  presence  of  a 
lactate,  a  phosphate,  or  an  acetate.  <<  We  have  observed,''  say  the 
authors,  '^  in  the  acid  of  the  gastric  juice  all  the  characters  of  lac- 
tic acid,  as  pointed  out  by  M.  Pelouze;  both  give  soluble  salts  of 
lime,  barytes,  zinc,  and  copper,  a  double  salt  of  copper  and  lime, 
deeper  in  colour  than  the  simple  salt,  and  a  salt  of  lime,  soluble  in 
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alcohol,  precipitated  by  ether."  From  the  above  facts,  MM.  Ber- 
nard and  Barreswil  conclude  that  the  acid  reaction  of  the  gastric 
juice  is  not  owing  to  biphosphate  of  lime,  but  arises  from  a  free  acid 
which  is  not  hydrochloric  or  acetic  acid.  They  have  always  found 
lactic  acid,  with  a  minute  proportion  of  phosphoric  acid,  the  latter 
being  a  product  of  the  reaction  of  the  lactic  acid  on  the  phosphates 
present  In  their  opinion,  lactic  acid  is  a  constant  production  of  the 
stomach.  They  do  not  mean  to  say  that  the  digestive  powers  of  the 
gastric  juice  are  owing  to  lactic  acid;  on  the  contrary,  they  think  if 
an  acid  reaction  be  indispensable,  other  acids  may  supply  its  place, 
because  among  the  various  salts  constantly  introduced  into  the  sto- 
mach with  the  food,  some  will  have  their  acid  replaced  by  the  free 
lactic  of  the  stomach,  and  the  new  acid  liberated,  may  supply  the 
place  of  the  normal  acid. 

In  a  more  recent  memoir  they  enter  more  fully  into  the  nature  of 
the  active  organic  matter,  on  the  presence  of  which  they  believe  the 
digestive  power  of  the  gastric  juice  to  depend.  It  is  precipitated  and 
destroyed  at  a  temperature  of  190°.  One  of  the  most  remarkable  of 
its  properties  is  that  its  digestive  powers  vary  according  to  the  me- 
dium in  which  it  is  contained.  In  the  gastric  juice,  which  is  acid,  it 
dissolves  nitrogenous  matters,  such  as  fibrin,  gluten,  and  albumen; 
but  exerts  no  action  on  baked  starch;  but  if  the  gastric  juice  is  ren- 
dered alkaline  by  the  addition  of  a  little  carbonate  of  soda,  it  rapidly 
dissolves  the  starch,  and  no  longer  possesses  the  power  of  acting  on 
the  nitrogenous  matters.  As  these  physiological  properties  are  ex- 
actly^those  of  saliva  and  the  pancreatic  fluid,  it  became  an  interesting 
«point  to  ascertain  if  a  change  in  the  reaction  of  these  fluids  would 
cause  a  corresponding  variation  in  their  solvent  power.  This  was 
found  to  be  the  case;  on  acidulating  these  naturally  alkaline  fluids,  their 
ordinary  mode  of  action  was  inverted,  and  they  were  enabled  to  dis- 
solve nitrogenous  matters,  while  their  capability  of  dissolving  starch 
was  lost  From  numerous  and  varied  experiments  they  believe  that 
one  and  the  same  organic  principle  (the  agent  of  digestion)  exists  in 
the  gastric  juice,  the  pancreatic  fluid,  and  the  saliva,  and  that  its  phy- 
siological action  varies  according  to  the  acid  or  alkaline  nature  of  the 
fluid  in  which  it  occurs. 

M.  Melsens*  has  also  examined  the  gastric  juice,  and  denies  the 
accuracy  of  filondlot's  conclusions.] 

The  fluid  secretion  in  the  crops  of  birds  is  stated  by  Gmelin  and 
Tiedemann  to  have  an  acid  reaction;  and  the  fluid  in  the  glandular 
stomach,  even  when  empty,  contains  free  acids,  especially  muriatic 
and  acetic  acids. 

Brugnatelli  observed  that  Iceland  spar  enclosed  in  tubes  is  deci- 
dedly attacked  after  remaining  for  some  time  in  the  stomachs  of  hens 
and  turkeys;  and  Treviranus  noticed  that  a  porcelain  basin,  in  which 

1  Journal  dc  rhaimacie,  Jan.  1845. 
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the  chyme  of  hens  had  been  digested,  was  corroded,  from  which  he 
concluded  that  fluoric  acid  was  present  Tiedemann  and  Gmelin 
did  not  succeed  in  detecting  fluoric  acid  in  the  gastric  juice  of  ducks, 
although  they  carefully  sought  for  it. 

Morbid  Gastric  Juice. 

It  is  well  known  that  the  gastric  juice  sometimes  assumes  anoma- 
lous characters,  but  important  as  such  modifications  are  to  practical 
medicine,  little  is  known  with  certainty  in  relation  to  their  true 
causes,  and  still  less  respecting  the  peculiar  influences  that  morbid 
gastric  juice  exercises  on  chymification  and  chylification.  The 
question  naturally  suggests  itself,  whether  morbid  changes  ia  the 
gastric  juice  may  not  be  the  origin  of  many  of  the  diseases  of  early 
childhood.  Such  changes  may  originate  purely  from  internal  causes 
(nervous  influences,)  or  from  a  complication  of  the  above  with  exter- 
nal influences,  such  as  diet,  &c. 

The  only  modifications  respecting  which  we  can  speak  with  any 
degree  of  certainty  are  the  following:  1st,  There  maybe  a  considera- 
ble excess  of  free  acid;  2dly, There  may  be  a  diminution  of  free  acid; 
and  3dly,  The  gastric  juice  may  become  positively  alkaline.  In  all 
probability,  with  these  there  are  associated  other  changes  in  the 
composition  of  the  fluid,  producing  an  injurious  cfiect  on  the  process 
of  digestion;  but  on  this  subject  we  are  unable  to  speak  with  cer- 
tainty. 

The  increased  acidity  of  the  gastric  juice  usually  arises  from  an 
excess  of  those  acids  which  exist  in  it  in  a  normal  state,  namely,  mu- 
riatic, acetic,  and  lactic  acid.  When  there  is  a  tendency  to  the 
formation  of  an  excess  of  acid  in  the  gastric  juice,  it  appears  to  be 
developed  from  the  food.  Muriatic  acid  is  principally  developed 
from  animal  food;  acetic  and  lactic  acids  from  vegetable  and  esp^i- 
ally  saccharine  food,  such  as  acid  bread,  beer,  and  wine;  and  the  fatty 
acids  from  an  excessive  use  of  fatty  matters.  An  excessive  acidity 
of  the  gastric  juice  is  frequently  observed  in  cases  of  gastritis  serosa, 
and  of  scrofula  and  rickets  associated  with  disease  of  the  spleen.  In 
gout,  podagra,  and  nettlerash,  the  gastric  juice  contains,  according  to 
Stark S  phosphoric  and  uric  acids;  the  presence  of  the  latter  acid 
must  however  be  regarded  as  very  problematical. 

The  cases  in  which  the  gastric  juice  exhibits  a  positively  alkaline 
reaction  are  comparatively  rare.  This  deviation  from  the  normal 
condition  arises  chiefly  from  the  use  of  salted  or  putrid  food  and  drink 
containing  basic  salts,  from  prolonged  fasting,  and  especially  from 
care  and  anxiety  (Stark.) 

The  experiments  of  Purkinje  and  Pappenheim  show  that  when  the 
gastric  juice  is  mixed  with  bile,  its  digestive  powers  are  diminiSied. 

Our  knowledge  of  the  uses  of  the  gastric  juice  in  the  process  of 
digestion,  is  much  clearer  than  that  of  the  other  fluids  already  de- 

1  AUgem.  Fathologie,  p.  84a 
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scribed,  as  the  saliva,  pancreatic  juice,  and  bile.  We  know  that  ali- 
mentary matters  insoluble  in  mere  water  are  readily  dissolved  by 
the  pepsin  of  the  gastric  juice  combined  with  a  little  free  dilute  acid, 
and  that  some  of  these  substances  become  chemically  changed  during 
the  process  of  solution. 

The  intestinal  fluid. 

The  small  intestines,  when  empty  and  not  irritated,  secrete  an 
almost  neutral,  very  viscid  fluid,  but  during  digestion,  or  when  irri- 
tated, the  secretion  becomes  decidedly  acid.  We  cannot  examine 
this  fluid  in  a  state  of  purity,  but  it  is  most  probable  that  in  its  consti- 
tution it  is  similar  to  the  gastric  juice,  and  that  it  possesses  the  pro- 
perty of  acting  on  those  substances  which  have  escaped  the  solvent 
power  of  that  fluid.  According  to  Tiedemann  and  Gmelin  it  con- 
tains a  large  quantity  of  albumen;  this  is,  however,  most  likely  due 
to  the  pancreatic  fluid  which  becomes  mixed  with  it  It  must  also 
be  more  or  less  mixed  with  the  biliary  secretion. 

On  the  process  of  Digestion,  and  the  Chyme. 

By  the  process  of  digestion^we  understand  the  solution  and  the 
modifications  that  the  food  undergoes  in  the  stomach  and  adjoining 
portion  of  the  intestinal  canal,  together  with  the  absorption  and  meta- 
morphosis of  the  nutrient  fluid  (chyme)  contained  in  the  reduced 
pulpy  mass  of  the  food,  till  it  becomes  perfect  chyle. 

The  subject  of  digestion  has  attracted  much  attention  for  the  last 
seventy  years,  but  unfortunately  the  results  that  have  been  obtained 
are  by  no  means  proportionate  to  the  time  and  labour  involved  in 
the  experiments  instituted  in  relation  to  this  department  of  physi- 
ology. 

The  discovery  and  isolation  of  pepsin  forms  a  new  epoch  in  the 
chemical  history  of  digestion.  It  is  now  in  our  power  to  institute 
experiments  on  artificial  digestion  with  every  prospect  of  success;  we 
can  examine  the  new  products  that  are  developed,  and  we  shall  be 
thus  led  to  the  true  understanding  of  the  formation  of  chyle,  which 
as  we  know  is  always  tolerably  constant  in  its  composition,  although 
evolved  from  the  most  diverse  species  of  nutriment. 

Previously  to  commencing  such  researches,  it  would  be  requisite  to 
study  and  examine  the  pepsin  obtained  from  difierent  classes  of  ani- 
mals ;  for  it  is  very  possible,  as  Berzelius  suggests,  that  it  may  be  a 
mixture  of  various  substances,  difiering  in  difierent  classes  of  animals. 
On  this  account,  various  simple  natural  substances,  after  the  addition 
of  a  due  quantity  of  acid  (which  must  be  determined  experimentally,) 
should  be  artificially  digested  with  the  difierent  sorts  of  pepsin,  and 
the  products,  both  soluble  and  insoluble,  carefully  analyzed.  Such 
terms  as  osmazome,  salivary  matter,  &c.  must  be  rejected.  The  re- 
searches of  Berzelius  and  myself  have  opened  the  way  for  an  exact 
and  separate  determination  of  the  extractive  matters  and  ptyalin. 
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We  should  thea  be  enabled  to  see  what  real  connexion  there  is  be- 
tween the  substances  resembling  extract  of  flesh  which  are  produced 
in  artificial  digestion^  and  those  that  arc  actually  obtained  from  flesh 
itself. 

Our  knowledge  of  the  changes  that  the  different  elements  of  food 
undergo  in  the  process  of  digestion  is  at  present  very  limited;  it  is 
confined  to  the  following  leading  points. 

1.  Albumen  is  dissolved  and  chemically  changed.  This  observa- 
tion was  made  by  Eberle^  and  has  been  confirmed  by  Miiller, 
Schwann^,  and  others.  The  digested  albumen  no  longer  coagulates 
at  the  boiling  point;  it  is  stated  to  have  been  changed  into  osmazome 
and  salivary  matter,  (a  vague  statement  requiring  further  proof,)  and 
according  to  Schwann,  into  a  third  albuminous  principle,  which  is 
thrown  down  by  carbonate  of  soda,  and  in  that  condition  is  insoluble 
in  water  and  spirit,  soluble  in  muriatic  and  acetic  acids,  and  not  pre- 
cipitable  by  acetate  of  lead  or  alcohol,  but  copiously  by  nitric  acid 
and  bichloride  of  mercury,  and  partially  by  ferrocyanide  of  potas- 
sium and  tannic  acid. 

2.  Coagulated  casein  is  partially  converted  by  artificial  digestion 
into  albumen;  soluble  casein  becomes  coagulated  when  submitted  to 
the  action  of  a  solution  of  sugar  of  milk  and  pepsin,  but  not  when 
acted  on  by  the  pepsin  alone. 

3.  Fibrin  is  rapidly  dissolved,  and,  from  the  experiments  of 
Tiedemann  and  Gmelin,  appears  to  be  partially  converted  into  albu- 
men. 

4.  Glutin  becomes  so  changed  by  artificial  digestion,  that  it  loses 
its  property  of  gelatinizing,  and  can  no  longer  be  precipitated  by 
chlorine. 

5.  Sugar  of  milk,  when  submitted  for  a  sufficient  time  to  the  ac- 
tion of  pepsin,  becomes  completely  converted  into  lactic  acid.  This 
fact  has  been  established  by  Pre  my  and  myself. 

6.  Starch  is  partially  converted  into  sugar.  (Tiedemann  and 
Gmelin.) 

7.  The  fluid  found  in  the  stomach  of  a  horse,  fed  with  oats,  con- 
tained butyric  acid,  a  resin,  a  substance  resembling  extract  of  flesh, 
salivary  matter,  and  albumen. 

From  recent  experiments  on  digestion,  we  know  that  alimentary 
substances  are  dissolved  as  rapidly  in  an  artificial  digestive  fluid, 
consisting  of  pepsin  and  properly  diluted  muriatic  acid,  as  they  are 
in  the  gastric  juice  itself.  Hence  we  are  justified  in  the  conclusion 
that  pepsin,  the  free  acid,  and  a  suitable  temperature,  are  the  prin- 
cipal agents  in  gastric  digestion,  and  that  the  motions  of  the  stomach 
are  chiefly  with  the  view  of  promoting  the  due  admixture  of  the  food 
with  the  secreted  fluid,  and  of  propelling  it  towards  the  pylorus, 
through  which  it  must  pass  in  order  to  enter  the  duodenum.  It  is 
impossible  to  state  with  certainty  whether  the  pepsin  and  free  acids 

1  Muller's  Aidiiv.  1636^  p.  6S. 
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dissolve  and  modify  the  food  through  a  catalytic  influence,  or  whether 
they  enter  into  any  chemical  combination  with  it,  the  products  of 
these  combinations  being  the  dissolved  and  changed  matter.  If,  how- 
ever, the  conversion  of  sugar  of  milk  into  lactic  acid  is  explained  by 
the  catalytic  action  of  the  pepsin,  we  may  fairly  conclude  that  the 
pepsin  exerts  a  similar  influence  on  other  substances,  if  no  facts  to  the 
contrary  present  themselves.  Hiinefeld  is  inclined  to  attribute  con- 
siderable influence  in  digestion  to  the  ammoniacal  salts  of  the  gastric 
juice,  in  consequence  of  having  observed  that  under  certain  condi- 
tions fibrin  is  readily  soluble  in  the  muriate  or  lactate  of  ammonia, 
especially  when  free  lactic  acid  is  also  present. 

The  various  articles  of  food  are  dissolved  in  the  process  of  diges- 
tion with  difierent  degrees  of  facility.  Those  which  approximate 
most  closely  to  the  constituents  of  the  chyle,  obviously  require  the 
least  modification,  as,  for  instance,  the  fluid  albumen  and  yelk  of  egg, 
fibrin,  boiled  albumen,  muscular  flesh,  casein,  and  the  protein-com- 
.  pounds  generally.  Certain  substances  are  not  at  all  digestible,  as,  for 
instance,  woody  fibre,  husks  of  fruit,  horn,  hair,  &c.  We  always 
observe  a  relation  between  the  degree  of  the  changes  requisite  for 
the  assimilation  of  difierent  sorts  of  nutriment,  and  the  complexity 
of  the  digestive  apparatus.  Hence,  in  tlie  carnivora,  the  intestinal 
canal  is  much  shorter  and  simpler  than  in  the  herbivora. 

In  the  ruminantia,  the  first  two  stomachs  do  not  secrete  an  acid, 
true  gastric  juice,  such  as  occurs  in  the  stomachs  of  men  and  carni- 
vora, but  a  thin  yellow  saline  fluid  containing  enough  alkaline  car- 
bonates to  produce  a  marked  efiervescence  on  the  addition  of  an  acid. 
Their  nutriment  (grass,  hay,  &c.,)  after  being  chewed  and  mixed 
with  saliva,  is  first  received  into  these  stomachs,  where  it  is  soaked 
in  the  alkaline  fluid,  which  dissolves  and  takes  up  vegetable  albumen 
and  glutin.  The  fluid  gradually  passes  onwards  into  the  third  sto- 
mach, while  the  insoluble  portion  returns  to  the  mouth  for  a  second 
mastication.  The  fluid  obtained  by  pressure  from  thK  contents  of 
the  first  stomach  (the  paunch)  contains,  according  to  Tieobinann  and 
Gmelin,  carbonic  acid  and  sulphuretted  hydrogen,  albumen  in  com- 
bination with  soda,  carbonate  of  ammonia,  and  certain  animal  mat- 
ters, one  of  which  is  volatile  and  assumes  a  red  tint  on  the  addition 
of  muriatic  acid.  In  addition  to  carbonic  acid  and  sulphuretted 
hydrogen  gases,  the  first  two  stomachs  occasionally  develop  (espe- 
cially after  the  use  of  fresh  clover)  an  extraordinary  quantity  of 
carburetted  hydrogen.  The  third  stomach  secretes  an  acid  fluid, 
and  in  the  fourth  stomach  the  acidity  is  much  more  marked,  the 
substances  dissolved  by  the  alkali  being  first  precipitated  and  then 
redissolved  in  the  excess  of  acid.  Finally,  chyme  is  produced,  said 
to  be  analogous  to  that  which  is  formed  in  the  stomachs  of  men  and 
carnivora. 

Tn  birds  the  food  is  first  moistened  in  the  crop  with  a  faintly  acid 
fluid;  from  thence  it  passes  into  the  proventriculus,  where  it  meets 
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with  a  peculiar  and  very  acid  fluid,  and  it  finally  reaches  the  mus- 
cular stomach,  which  effects  its  thorough  trituration. 

On  leaving  the  stomach,  the  food  enters  the  small  intestine,  where 
it  becomes  mixed  with  the  pancreatic  juice  and  the  bile.  Here  it 
commences  to  be  absorbed  by  the  intestinal  villi;  moreover,  it  is 
here  mixed  with  the  intestinal  secretion,  and  it  is  probable  that  the 
digestion,  not  entirely  accomplished  in  the  stomach,  is  here  perfected. 

There  are  many  points  connected  with  the  process  of  digestion 
which  have  not  been  hitherto  explained.  We  may  especially  in- 
stance the  conversion  of  chyme  into  chyle.  It  is  very  difiBcult  to 
understand  the  source  of  the  large  quantity  of  albumen  found  in  the 
chyle,  even  before  it  has  passed  the  mesenteric  glands,  and  just  after 
its  absorption  by  the  intestinal  villi. 

An  experiment  made  by  Tiedemann  and  Gmelin  on  the  chyme 
and  the  chyle  of  a  horse  fed  with  oats,  will  place  the  difference  clearly 
before  the  reader. 

a  denotes  the  fluid  expressed  from  the  thick,  pulpy,  acid  contents 
of  the  stomach.  It  was  of  a  brownish  yellow  colour,  turbid,  became 
darker  on  exposure  to  the  air,  and  much  more  turbid  on  boiling,  and 
on  the  addition  of  bichloride  of  mercury,  b  is  the  brownish  yellow 
fluid  from  the  duodenum,  c  is  the  brownish  yellow  fluid  obtained 
from  the  central  portion  of  the  small  intestine,  mixed  with  mucous 
flocculi  and  with  a  tough  albuminous  substance,  apparently  resembling 
salivary  matter,  d  is  the  brownish  yellow  fluid  from  the  lower  part 
of  the  small  intestine,  e  is  chyle  from  the  absorbents  before  its  en* 
trance  into  the  mesenteric  glands.  y*is  chyle  from  the  absorbents 
after  its  passage  through  them:  and  g  la  chyle  from  the  thoracic 
duct 

We  shall  omit  the  amount  of  water  in  these  various  fluids,  and 
merely  compare  the  composition  of  their  solid  residue. 

1000  parts  of  solid  residue  contained: 

1.  Rennous  matter,  with  an  acid  so- 

luble in  ether 

2.  Reginoos  matter  soluble  in  anhy- 

drous  alcohol,  alcohol -extract, 
and  salts  soluble  in  spirit 

3.  Spirit-extract,    probably    gunfny 

matters  and  salts 

4.  Insohible  brown  matter 

5.  Brown  nitrogenous  matter,  soluble 

only  in  water  .        .        .  lC-32    12-44      7-40      2-50      2-17      3-11 

6.  Albumen,  oxydized  extractive  mat- 

ter, and  phosphate  of  lime        .      11-00      7-11      5-03      3*10    27-56    49-82    63-96 

The  numbers  in  2,  under  b,  c,  and  d,  refer  only  to  the  extractive 
matters  and  salts  soluble  in  alcohol,  while  those  under  e,yj  and  g  refer 
not  merely  to  them  but  also  to  the  fat,  the  relative  proportions  of 
which  may  be  seen  in  the  analyses  4,  5,  and  6,  of  the  chyle,  in 
page  291.  The  numbers  in  6,  under  e,/,  and  g,  indicate  the  amount 
of  pure  albumen  in  the  chyle,  whilst  under  A,  c,  and  cf  extractive 


a. 

b. 

c 

<f. 

e.         /.         g. 

1-56 

0-7U 

0-25 

0-15 

61-56 

44-Gl 

67-25 

77-60 

67-50    42-24    30^4 

25-26 

10-80 
0-66 

5-08 
9-14 

h'lO 
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matter  and  phosphate  of  lime  are  included.  It  is  to  the  two  lines 
2  and  6  of  the  above  table  that  I  wish  especially  to  direct  attention. 
The  chyme  6,  c,  and  d  difiers  from  the  chyle,  by  a  deficiency  of  fat 
in  the  former,  and  by  an  excess  of  albumen  in  the  latter.  If  the  fat 
is  really  contained  in  the  chyme,  which  we  cannot  doubt  that  it  is, 
in  what  state  of  combination  can  it  occur  so  as  to  escape  detection? 
Does  the  chyme  contain  fatty  acids,  combined  with  the  alkalies 
(soaps,)  and  the  chyle,  ordinary  fat?  The  chyme  contains  an  extra- 
ordinarily large  amount  of  substances  soluble  in  alcohol,  whose  place 
in  the  chyle  seems  to  be  supplied  by  albumen ;  may  we  not  endeavour 
to  clear  up  this  difficulty  by  supposing  that  some  still  unknown 
protein-compound,  soluble  in  alcohol,  has  been  converted  into  albu- 
men ?  If  the  chyme  contains  so  small  a  quantity  of  pre-existing 
protein-compounds,  as  the  above  analyses  A,  c,  d  teach  us,  we  must 
assume  that  their  extraordinary  increase  in  the  chyle  of  the  absor- 
bents and  of  the  thoracic  duct,  must  be  at  least  in  part  due  to  the 
influence  of  the  lymphatic  glands  and  vessels,  and  therefore  either 
directly  or  indirectly  to  the  blood.  But,  in  opposition  to  this  view, 
we  may  remark  that  it  is  impossible  to  conceive  that  the  blood  can 
impart  that  identical  quality  to  the  chyle  which  renders  that  fluid 
the  means  of  supplying  nutriment  to  the  blood,  and  of  imparting  to 
it  the  carboniferous  and  nitrogenous  materials  requisite  to  supply  the 
place  of  those  that  have  been  lemoved  from  the  body  in  consequence 
of  waste  of  tissue.  If,  however,  we  bear  in  mind  that  the  mesenteric 
veins  absorb  a  fluid  from  the  chyme  difierent  from  that  which  is 
taken  up  by  the  lymphatics,  we  may  then  perhaps  account  for  the 
discrepancy  between  the  chemical  composition  of  the  chyme  and  the 
chyle,  by  the  assumption  of  a  <vis  electiva'  residing  in  the  absorbent 
vessels  of  these  two  systems;  for  the  lymphatics  absorb  and  carry  ofi* 
a  fluid  abounding  in  protein  and  nitrogenous  compounds,  while  the 
venous  system  takes  up  an  excess  of  the  compounds  of  ^carbon  and 
hydrogen ;  and  since  the  absorbents  of  the  lymphatic  system  in  the 
small  intestines  must  have  taken  up  a  very  albuminous  chyle,  the 
chyme  examined  by  Gmelin  may  on  that  account  have  been  poor  in 
coagulable  albumen,  and  in  the  same  manner  the  gradual  decrease  of 
the  albumen  in  the  chyle,  as  the  large  intestine  was  approached, 
would  be  accounted  for. 

Diseased  digestion. 

It  is  by  no  means  rare  to  meet  with  an  excessive  formation  of  acid 
both  in  the  stomach  and  the  intestines,  especially  in  children.  Acid 
eructations,  a  sour  smell  from  the  mouth,  and  frequent  green  stools, 
afibrd  indications  of  a  morbid  digestion,  which  doubtless  originates  in 
too  acid  a  condition  of  the  gastric  and  intestinal  fluids,  and  on  the 
consequent  rapid  production  of  lactic  and  acetic  acids  from  vegetables 
and  milk.  I  have  observed  that  the  faeces  of  a  child  at  the  breast,  suf- 
fering from  improper  digestion,  consisted  of  a  large  quantity  of  coa- 
gulated casein,  and  a  very  acid,  greenish,  whey-like  fluid,  with  nume- 
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rous  oil-vesicles  on  its  surface.  The  fat  was  isolated  aud  contained 
a  large  amount  of  the  fatty  acids. 

A  copious  secretion  of  gas  is  a  frequent  consequence  of  diseased 
digestion.  This  gas  is  not  a  mere  mixture  of  carbonic  acid  and  nitro- 
gen with  a  little  hydrogen  (the  ordinary  gases)  but  also  contains  a 
considerable  amount  of  sulphuretted  hydrogen,  and,  in  all  probabilityy 
phosphoretted  hydrogen  and  carburetted  hydrogen. 

There  can  be  no  doubt  that  there  are  anomalies  in  the  process  of 
chylification,  in  consequence  of  which  an  unsuitable  chyle  is  prepared 
and  conveyed  to  the  blood,  modified  both  in  its  quality  and  its 
quantity ;  but  with  respect  to  the  particulars  of  these  anomalies  we 
are  still  perfectly  in  the  dark. 


CHAPTER  IV. 


MILK. 


The  milk  is  a  white,  fatty,  and  rather  thick  fluid,  which  is  se- 
creted by  the  female  breasts  during  pregnancy  and  after  delivery.  A 
metastMic  or  vicarious  secretion  of  milk  from  the  skin,  the  navel,  the 
groin,  the  stomach,  the  intestines,  the  mucous  surface  of  the  genital 
organs,  or  the  axilla,  is  by  no  means  rare:  it  has  also  been  observed 
in  the  breasts  of  men. 

General  physico-chemical  characters  of  the  milk. 

Perfectly  fresh  milk  has  always  a  decidedly  alkaline  reaction,  and 
it  retains  this  property  for  a  longer  or  shorter  time:  the  milk  of 
women  retains  its  alkaline  reaction  longer  than  that  of  cows;  and  the 
milk  of  healthy  women  longer  than  that  of  invalids. 

On  exapfiining  the  milk  under  the  microscope  we  perceive  a  great 
number  of  fat-vesicles  of  very  different  sizes  swimming  in  a  clear  fluid, 
and  occj^ionally  epithelium-cells.  From  repeated  comparisons  I 
have  fognd  that  the  fat-vesicles  in  the  milk  of  woman  are  generally 
rather  larger  than  those  in  the  milk  of  the  cow.  In  addition  to  these 
fat-vesicles,  we  observe,  under  certain  circumstances,  other  micro- 
scopic objects,  of  which  I  shall  treat  subsequently.^  Tlie  fat-vesicles 
have,  as  Raspail  declared,  a  solid  envelope,  a  point  which  has  been 
confirmed  beyond  dispute  by  Henle  and  myself.  Raspail  considers 
that  it  is  composed  of  coagulated  albumen;  it  is,  however,  more  than 
probable  that  it  consists  of  coagulated  casein.  Henle^  has  shown 
,  that  this  capsule  may  be  dissolved  by  acetic  acid,  and  that  butter  then 
issues  from  it;  it  is  probable,  however,  that  this  fluid  fat  becomes  en- 
closed in  a  new  envelope,  for  Ascherson^  has  observed  that  a  mem- 

'  See  PL  2,  fig.  13,»  A.  B.  »  Froricp's  Notizen,  1839,  No.  449. 

8  Ubcr  die  Hautdruscn  dcr  Froache  und  iiber  die  Bedeutung  der  Fettstoffe,  Miiller't  Archiv. 
Ifc40. 
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brane  immediately  forms  around  every  drop  of  fat  that  is  brought  in 
contact  with  a  solution  of  albumen ;  and  I  have  found  that  fat  shaken 
with  a  caseous  substance  (crystallin)  in  a  state  of  solution,  causes  a 
partial  coagulation  by  the  formation  of  such  membranes  or  capsules. 
1  have  shown  that  when  woman's  milk  is  evaporated,  and  the  resi- 
due reduced  to  a  fine  powder,  and  extracted  with  ether  (which  takes 
up  the  butter,)  there  are  left  the  capsules  of  the  fat-vesicles,  which, 
when  mixed  with  water,  and  placed  on  the  object-stage,  may  be  ob- 
served with  the  microscope. 

Milk  is  materially  afiected  by  a  large  number  of  substances,  espe- 
cially by  those  that  precipitate  its  casein.  The  addition  of  any  of 
these  substances  causes  it  to  coagulate,  that  is  to  say,  the  casein  be- 
comes insoluble  and  encloses  the  butter,  and  thus  produces  the  separa- 
tion of  a  whey-like  fluid  from  the  caseous  mass.  A  precipitation  of 
this  nature  is  brought  about  by  alcohol  which  at  the  same  time  takes 
up  a  very  small  quantity  of  fat:  when  milk  is  shaken  with  ether,  no 
precipitation  of  casein  ensues,  but  the  milk  becomes  rather  clearer, 
and  the  ether  is  found  to  contain  fat,  but  only  a  small  portion  of  all 
that  is  contained  in  the  milk.  When  milk  is  left  to  itself  for  a  con- 
siderable time,  it  coagulates,  in  consequence  of  the  conversion  of  a 
portion  of  its  sugar  mto  lactic  acid:  this  change  often  takes  place 
very  rapidly  in  cow's  milk,  and  generally  more  quickly  than  in  wo- 
man's milk.  If  the  milk  is  allowed  to  remain  still  longer  exposed  to  an 
ordinary  temperature,  the  surface  becbmQS  covered  with  peculiar 
forms  of  mould,  and,  under  certain  cond|jlfcns  which  are  not  accu- 
rately known,  particular  species  of  infusiMMR^  developed.  These 
infusoria  are  the  cause  of  a  blue  or  yellowffolouring  matter,  which  is 
especially  distributed  over  the  surface^  •  ptienomenon  that  has  long 
been  observed,  and  which  has  recently  ven  carefully  investigated  by 
Fuchs.  ^.'\ 

Rennet  likewise  precipitatesthe  casein  flq;)parcntly  by  a  catalytic 
action  on  the  sugar  of  milk,  by  miich  it  is  converted  into  lactic  acid; 
hence  the  precipitation  is  hindered  by  the  addition  of  an  alkali,  and, 
as  Herberger  has  observed,  does  not  occur  in  milk  which  abounds  in 
alkaline  salts.  « 

The  solid  constituents  of  the  milk  vary  from  about  9  to  35 J;  the 
specific  gravity  usually  lies  between  1028  and  1042. 

SPECIAL   CHEMISTRY  OF   THE    MILK. 

Constituents  of  the  Milky  and  methods  of  separating  them. 

The  following  substances  are  contained  in  a  state  of  solujtion  in 
healthy  milk:  casein,  fat  (including  olein,  stearin,  butyrin,  Aproin, 
and  caprin,)  sugar  of  milk,  extractive  matters,  and  salts.  The  salts 
are  the  chlorides  of  sodium  and  potassium:  lactates  of  potash,  soda, 
probably  of  ammonia,  of  lime,  and  magnesia;  phosphates  of  potash, 
soda,  lime,  and  magnesia;  and  traces  of  phosphate  of  peroxide  of 
iron. 
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The  plans  that  were  formerly  proposed  for  the  analysis  of  milk 
could  not  give  satisfactory  results.  For  instance^  the  fatty  portion 
which  collects  on  the  surface  (the  cream)  was  analyzed  separately 
from  the  poorer  fluid  beneath  it;  by  this  means,  then,  were  obtained 
accurate  estimates  of  two  separate  portions,  but  not  of  the  milk  col- 
lectively. 

The  course  adopted  by  the  French  chemists,  was  to  evaporate  the 
milk,  to  take  up  the  butter  with  alcohol,  or  a  mixture  of  alcohol  and 
ether,  and  then  to  wash  out  the  sugar  from  the  residue:  if  we  reflect, 
however,  that  the  dried  casein  of  icow^s  milk  is  always  slightly  solu- 
ble, and  that  of  woman's  milk  is  fi*eely  soluble  in  water,  the  source 
of  error  in  this  system  becomes  at  once  obvious.  By  the  adoption 
of  this  incorrect  method,  Payen  fixed  the  amount  of  casein  at  O-SSJ, 
while  the  mean  of  seventeen  analyses  performed  by  myself  yielded 
S*4g,  or  more  than  fourteen  times  as  much. 

The  following  is  the  method  that  I  adopt:^  a  known  quantity  of 
milk  is  evaporated  to  dryness,  and  the  residue  weighed ;  by  this 
means  we  determine  the  amount  of  water.  A  weighed  portion  of 
the  dried  and  finely-powdered  residue  is  thrice  extracted  with  five 
or  six  times  its  volume  of  boiling  sulphuric  ether,  in  order  to  remove 
the  fat  Afler  the  removal  of  Uie  fat,  the  residue  is  placed  in  a  por- 
celain basin,  is  again  pulverized,  and  digested  with  a  little  warm 
water.  The  pulp  which  is  thus  formed  is  treated  with  an  additional 
quantity  of  boiline  water,  in  which  it  is  partially  soluble  if  the  ana- 
lysis is  being  conducted  with  cow's  milk :  it  dissolves  entirely,  with 
tne  exception  of  an  inconsiderable  quantity  of  coagulated  casein,  if 
woman's  milk  is  used.  The  solution  is  then  evaporated  at  a  gentle 
temperature  to  the  consistence  of  a  thin  syrup,  and  is  treated  with 
ten  or  twelve  times  its  volume  of  alcohol  of  0*85,  which  precipitates 
the  casein.  As  the  casein  may  retain  a  little  sugar,  it  is  expedient 
to  digest  it  once  or  oftener  with  a  little  water,  and  to  treat  the  dilute 
pulp  with  spirit;  the  casein  that  remains  must  be  thoroughly  dried 
and  weighed.  The  spirituous  solution  contains  the  sugar,  and  the 
greater  part  of  the  extractive  matter,  from  which  the  sugar  cannot  be 
easily  separated.  A  partial  separation  may  be  eflected  in  this  way: 
we  may  dissolve  the  impure  sugar  in  a  little  water;  on  the  addition 
of  strong  alcohol,  the  sugar  with  a  very  little  extractive  matter,  is 
precipitated,  while  the  alcoholic  solution  contains  extractive  matters 
and  a  little  sugar.  On  evaporating  this  solution  to  the  consistence  of 
a  syrup,  and  adding  strong  alcohol  to  it  while  still  hot,  some  more 
sugar  separates  on  cooling. 

I  usually  estimate  the  salts  by  incinerating  a  weighed  portion  of 
the  dried  residue  of  the  milk;  and,  in  some  cases,  1  have  separated 
the  soluble  from  the  insoluble  salts. 

This  analysis  of  milk  does  not  yield,  as  Berzelius' justly  observes, 

1  Die  Frauenmilch  nach  ihrem  chemiachen  und  phyrioIogiadieQ  Veiiialtcn,  p.  27. 
>  Thiercbemie,  p.  6Uti. 
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any  very  accurate  results,  since  casein  is  slightly  soluble  in  alcohol; 
altliouzh  strong  cold  alcohol  takes  up  only  a  very  small  portion, 
dilute  hot  alcohol  dissolves  a  considerable  quantity.  The  determina- 
tion of  the  sugar  and  of  the  extractive  matters  by  the  course  that 
I  have  indicated  is  still  more  inaccurate.  Berzelius  proposes  to 
precipitate  the  casein  (and  the  butter)  by  rennet;  but  it  must  be 
observed  that,  by  this  means,  we  do  not  obtain  results  of  greater 
accuracy,  since  a  portion  of  the  casein  always  remains  in  solution 
in  the  whey.  This  amounts  to  a  considerable  quantity  in  woman's 
milk,  but  is  comparatively  slight  in  the  milk  of  the  cow,^  and  has 
always  to  be  obtained  by  means  of  alcohol  from  the  evaporated 
solution.  In  order  to  precipitate  the  casein  thoroughly  by  rennet,  it 
would  be  requisite  to  supersaturate  the  free  alkali  of  the  milk  by 
acetic  or  lactic  acid;  we  should  then  obtain  the  casein  in  a  state  of 
combination  with  these  acids;  in  fact,  casein  precipitated  by  rennet 
from  non-acidulated  milk  does  in  reality  exist  in  this  condition. 

If  we  precipitate  the  casein  of  cow's  milk  by  sulphuric  acid,  and 
decompose  the  sulphate  by  carbonate  of  lime  or  baryta,  we  shall 
obtain  soluble  compounds  of  casein  with  lime  or  baryta.  The 
casein  of  woman's  milk  is  very  imperfectly  precipitated  by  sulphuric 
acid. 

If  albumen  is  present  in  the  milk,  which  is  sometimes  the  case,  it 
must  be  determined  by  a  separate  experiment  The  milk  must  be 
boiled,  and  the  coagulum  must  be  collected  and  extracted  with 
boiling  spirit,  in  order  to  remove  the  sugar  and  fat;  it  must  then  be 
dried,  and  its  weight  estimated.  The  amount  of  albumen  obtained 
in  this  manner  is  deducted  from  the  amount  of  casein  obtained  by 
the  method  which  has  been  described,  and  which  must  clearly 
include  both  the  casein  and  albumen. 

[Haidlen'  has  recently  proposed  a  new  method  for  analyzing  milk. 
It  consists  in  coagulating  the  milk  by  gypsum,  by  which  means  the 
error  in  the  determination  of  the  casein  that  resulted  from  all  former 
methods,  is  avoided. 

When  milk  is  stirred  with  about  one  fourth  of  its  weight  of  finely- 
pulverized  gypsum,  and  heated  to  212^,  it  is  entirely  coagulated;  and 
if  the  whole  is  then  evaporated  to  dryness,  a  brittle  mass  is  obtained, 
which  is  easily  reducible  to  powder.  From  this  powder  the  butter 
may  be  extracted  by  ether;  the  sugar  of  milk  and  soluble  salts  may 
be  removed  by  hot  alcohol  of  0*85 ;  while  the  caseate  and  sulphate 
of  lime,  and  insoluble  salts,  remain  undissolved.  The  alcoholic 
solution  scarcely  exhibits  any  perceptible  opacity  on  the  addition  of 
chloride  of  barium,  showing  that  no  error  in  the  result  is  occasioned^ 
by  any  of  the  gypsum  being  taken  up  by  the  alcohol. 

About  100  grains  of  gypsum  and  four  times  its  weight  of  milk 
answer  very  well.     The  soluble  salts  extracted  from  the  milk  by 

»  Die  FiBQenmilch,  Ac,  p.  33.  »  Simon's  Beitrege,  p.  358. 
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the  alcohol  may  easily  be  determined  by  incineration;  and  since 
their  amount  is  to  that  of  the  insoluble  salts  in  the  average  pro- 
portion of  5  to  7y  the  amount  of  the  latter  may  at  least  be  found 
approximalely,  and  the  ascertained  weight  of  the  sugar  and  casein 
corrected  accordingly.  But  if  it  be  required  to  determine  the  salts 
with  perfect  accuracy,  it  is  best  to  incinerate  a  weighed  quantity  of 
milky  and  to  analyze  the  residue. 

The  analyses  of  Clemm,*  which  will  be  presently  noticed,  were 
made  in  the  following  manner:  One  portion  of  milk  was  used  for  the 
determination  of  the  water  and  of  the  solid  residue^  and  afterwards 
(by  incineration)  of  the  fixed  salts.  Another  portion  was  evaporated 
nearly  to  dryness,  and  treated  with  one  or  two  drops  of  acetic  acid 
to  coagulate  the  casein  and  render  it  insoluble.  It  was  then  treat- 
ed with  ether,  in  order  to  remove  the  fat,  and  with  water  in  order 
to  take  up  the  sugar  of  milk,  extractive  matters,  and  salts.  The 
residue  was  regarded  as  casein.] 

Healthy  Milk. 

1.  Milk  btfore  delivery. 

The  mammary  glands  secrete  a  milky  fluid  during  pregnancy, 
which,  at  first,  diners  considerably  from  normal  milk,  but,  as  the 
period  of  delivery  approaches,  gradually  approximates  to  it  in  its 
characters.  In  the  first  stage  of  its  secretion,  albumen  preponde- 
rates, and  sugar  is  almost  entirely  absent;  the  albumen  gradually 
gives  place  to  casein,  and  at  the  same  time,  sugar  and  fat  are  more 
abundantly  formed.  There  are  no  means  of  obtaining  any  very  ac^ 
curate  information  respecting  the  fluid  secreted  in  the  breasts  of 
women  previous  to  childbirth,*  but  experiments  have  been  made  by 
Lassaigne  and  myself  on  this  secretion  in  animals. 

I  analyzed  the  milk  of  an  a^s  pregnant  for  the  first  time,  and 
within  about  fourteen  days  of  her  full  period  of  gestation.  The 
fluid  was  transparent,  scarcely  opalescent,  tenacious,  and  viscid;  it 
had  an  alkaline  reaction.  The  microscope  revealed  a  few  fat-cor- 
puscles, some  granular  bodies,  composed  of  accumulated  minute  fat- 
vesicles  and  mucus-corpuscles. 

It  did  not  become  more  gelatinous  or  stringy  on  the  addition  of 
caustic  ammonia;  when  heated,  a  considerable  quantity  of  albumen 
coagulated.  The  presence  of  casein  was  shown,  and  its  amount  de- 
termined, by  the  addition  of  acetic  acid,  by  boiling  the  fluid  till  it 
evaporated  to  the  consistence  of  an  extract,  and  by  then  extracting 
it  with  boiling  spirit  The  casein  difiered  from  the  ordinary  casein 
*of  cow's  milk,  in  being  soluble  to  a  very  considerable  extent  in 

1  Tho  investigations  of  Clemni  are  contained  in  the  article  "  Mikfa  '*  by  Scherer,  in  Wag- 
ner^s  Handworterbuch  der  PliysiologiCi  voL  2, 1845. 

3  [Clcmm  found  that  the  fluid  obtained  from  the  breasts  of  a  woman  shortly  befim  deliveiy, 
conta'med  5*478^  of  solid  cunslitucnt&] 
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boiling  spirit;  it  partially  separated  from  the  clear  hot  solution  on 
cooling:  it  seemed  rather  to  resemble  the  casein  of  the  crystalline 
lens.  After  the  removal  of  the  fat,  by  means  of  ether,  it  was  al- 
most perfectly  soluble  in  water;  on  the  application  of  heat|  the  sur- 
iace  of  the  solution  became  covered  with  an  irregular  film,  and  the 
addition  of  a  little  dilute  acid  was  followed  by  a  very  copious  pre- 
cipitate. 
The  analysis  of  this  milky  fluid  yielded,  in  1000  parts: 

Aoalyiti  61. 

Water 737-00 

Sdid  onutttneQtB 263K)0 

Fit 7-98 

Casein 28-93 

Albamen 196*34 

Extxactite  matten^  tzaoes  of  sugar  and  caaem,  chloride  of  sodhim,  and 

lactate  of  aoda 18*41 

The  milk  of  the  same  ass  was  examined  eight  days  afterwards; 
it  was  less  thick  and  sticky,  and  rather  whiter  than  before.  It 
more  closely  resembled  true  milk  in  its  smell,  and  it  had  a  mild, 
faintly  sweet  taste.     It  contained,  in  1000  parts: 

Analysis  €& 

Water  •  ......  814*0 

Solid  ooofltitoBDts 18&0 

Fat 8*6 

Casein 25-0 

ADmrnen      ........  123^ 

Extractive  matter,  with  a  little  sugar,  salts     ....         28*6 

The  change  in  the  constitution  of  the  fluid  was  very  striking; 
the  solid  constituents  collectively,  and  especially  the  albumen,  were 
diminished,  while  the  fat,  casein,  and  sugar,  had  relatively  increased. 
In  the  first  analysis,  the  casein  formed  only  one  ninth  of  the  solid 
residue;  in  the  second,  it  amounted  to  one  seventh. 

Lassaigne  has  observed  similar  proportions  in  the  fluid  secreted 
by  the  mammary  glands  of  cows  previous  to  calving.  Forty-one 
days  before  calving,  it  contained  albumen  in  place  of  casein,  had  an 
alkaline  reaction,  a  specific  gravity  of  1063,  and,  when  allowed  to 
stand,  deposited  a  large  quantity  of  cream,  from  which  a  very  soft 
sort  of  butter  was  obtained.  The  fluid  retained  these  properties  till 
ten  days  before  calving;  it  then  acquired  a  milder  taste,  but  still 
contained  albumen  in  place  of  casein.  If  Lassaigne  had  been  ac- 
quainted with  my  method  of  separating  casein  from  albumen  by 
means  of  boiling  spirit,  he  would,  doubtless,  have  found  casein,  as  I 
did,  in  the  asses'  milk.  It  was  not  till  five  days  after  calving,  that 
the  fluid  resembled  ordinary  milk;  it  then  had  a  specific  gravity  of 
1035,  and  contained  casein  instead  of  albumen. 

2.  Milk  immediately  ajler  delivery. 

The  lacteal  secretion  immediately  afler  delivery  differs  from  the 
ordinary  milk  produced  after  the  milk-fever,  and  has  received  the 
29 
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name  of  colostrum.  In  woman  I  found  the  colostrum  thicker  than 
true  milk.^  It  had  a  dirty  light  yellow  colour,  an  alkaline  reactioni 
no  peculiar  odour,  but  a  remarkably  sweet  taste. 

[Clemm  states  that  the  alkaline  reaction  very  soon  disappears. 
He  has  found  the  colostrum  become  acid  in  the  course  of  three 
hours.] 

According  to  other  observers,  it  resembles  a  thin  solution  of  soap 
and  water  (Joannide,')  with  drops  of  oil  on  its  surface.  On  exa- 
mining the  colostrum  with  the  microscope,  a  very  large  number  of 
fat-gloDules  are  seen,  some  of  which  are  larger  than  those  that  occur 
in  ordinary  milk,  and  these  are  frequently  observed  clinging  to  one 
another;  besides  these,  there  are  granulated,  yellow,  roundish  cor- 
puscles, larger  than  the  milk-corpuscles,  which  appear  to  be  com- 
posed of  very  minute  fat-vesicles ;  they  seem  to  be  peculiar  to  the 
colostrum,  and  were  first  observed  by  Donn^,'  who  states  that  they 
occur  in  woman's  milk  till  the  twentieth  day,  when  the  milk  loses 
all  the  characters  of  colostrum;  I  have  never  succeeded  in  detecting 
them  after  the  eighth  or  tenth  day. 

[According  to  the  observations  of  d'Outrepont,^  the  granulated 
corpuscles  usually  disappear  on  the  third  day.] 

The  following  analysis  represents  the  composition  of  1000  parts 
of  the  colostrum  of  a  woman.  The  other  analysis  represents  the 
average  composition  of  healthy  milk,  deduced  from  many  observa- 
tions, and  is  given  in  order  that  the  reader  may  contrast  the  compo- 
sition of  the  colostrum  with  that  of  the  normal  secretion. 

Hwdthj  mOk  oTUM 

nnM  indiridaaL 

887-6 

11»4 

2&3 

34-3 

4&2 

»3 

Of  the  fixed  salts,  1*2  were  soluble,  and  1-S  insoluble  in  water. 

The  chemical  difierences  between  the  colostrum  and  the  milk  are 
at  once  obvious;  the  former  is  much  the  richer  of  the  two  in  solid 
constituents,  especially  in  butter  and  sugar  of  milk.  The  absolute 
quantity  of  casein  is  also  greater,  but  the  ratio  of  the  casein  to  the 
solid  constituents  is  less  than  in  ordinary  milk.  The  salts  are  also 
increased;  the  aperient  property  of  the  colostrum  is  probably  due  to 
the  increased  quantity  of  salts  and  sugar  of  milk. 

1  Die  FrBuenmilch,  &Cy  p.  51. 

s  Physblog.  Mammar.  Mulicb.  Spedm.    HaOe,  1801. 

*  Du  Lait,  et  en  particulier  de  ccloi  de  nourrioes,  etc    Park,  1837,  p.  19. 

«  [Neue  Zeitachnft  fur  Geburtakunde,  voL  10,  pp.  1—7.] 


Water     - 

Aiialyali63. 

Colottrum. 

8280 

Solid  oonstitnentB 

172K) 

Fat      - 

50K) 

Casein 

40O 

Sugar  of  milk  - 
Aih     . 

70K) 
3-1 
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3.  Of  ordinary  milk. 

The  ordinary  milk  of  the  human  female  is  a  white  or  bluish 
fluid,  and  of  a  sweeter  taste  than  cow's  milk.  It  usually  exhibits 
nothing  but  the  milk-globules  under  the  microscope.  It  has  always 
an  alkaline  reaction,  which  it  retains  for  five  or  six  days  before  it 
becomes  acid.  Its  specific  gravity  varies  from  1030  to  1034;  the 
average  of  a  large  number  of  analyses  yielded  the  number  1032. 
On  evaporation,  it  becomes  covered,  like  every  other  sort  of  milk, 
with  a  film  of  coagulated  casein ;  and  when  the  evaporation  has  been 
sufficiently  prolonged,it  yields  a  brownish  extract-like  residue  which, 
when  dried,  is  perfectly  soluble  in  water,  (with  the  exception  of  a 
little  albumen,)  and  forms  a  milky  fluid.  Every  thing  that  precipi- 
tates casein,  coagulates  milk;  the  mucous  membrane  of  the  stomach 
of  an  infant  a  few  days  old,  that  has  recently  died,  seems,  from  my 
observations,  to  coagulate  woman's  milk  more  perfectly  than  the 
mucous  membrane  of  the  stomach  of  the  calf.^  The  solid  constitu- 
ents fluctuate  between  8*60  and  13-86^.  I  shall  now  give  some 
analyses  of  milk:  1st,  the  average  of  fourteen  analyses  made  at  dif- 
ferent periods  with  the  milk  of  the  same  woman;  2d,  the  analysis  of 
the  milk  of  a  woman  aged  36  years;  3d,  the  analysis  of  the  milk 
of  a  nurse  aged  20  years;  4th,  the  maxima,  and,  5th,  the  minima,  of 
numerous  analyses. 


An.  64. 

An.  65. 

1. 

S. 

3. 

4. 

5. 

Water 

883-6 

894-0 

898-0 

914-0 

861-4 

Solid  coDfldtuents          ... 

11&4 

ICKW) 

102O 

138-6 

86-0 

Butter           .... 

25-3 

^&^Q 

28-8 

54-0 

8-0 

Caaein          .... 

34-3 

34-0 

32K) 

45-2 

19-6 

Sugar  of  milk  and  extractive  matters 

48-2 

40-5 

360 

62-4 

39.2 

Fixed  nlta     .... 

2-3 

1-8 

2-7 

1-6 

The  tnaximum  table  gives  the  highest  amount  of  each  individual 
constituent,  and  the  minimum  the  lowest  that  occurred  in  the 
whole  series  of  analyses. 


[Clemm  has  recently  published  theToUowing  analyses: 

*  The  4th  day       The  9th 


Water        .... 

Solid  constituents    ... 
Butter     .  -  -  - 

Casein    .... 
Sugar  of  mUk  and  extractive  matters 
Salts       .... 


after  delivery. 

879-848 

120-152 

42-968 

35-333 

41135 

2-095 


ditto. 

885-818 

114-182 

35*316 

36-912 

42979 

1-691 


The  12th 
ditto. 

905.809 
94191 
33-454 
29-111 
31-537 
1-939 


Two  analyses  of  healthy  human  milk  have  been  made  by  L'He- 
retier.'    He  found : 

867-8 

132-2 

42-5 


Water 

Solid  constituents 

Butter 

Caaein 

Sugar  of  Milk 

Salts 

Die  Frauenmikfa,  dec.,  p.  29. 


U-7 

74-0 

4-0 


9. 

87045 

129-4 

520 

9-5 

63-4 

4-5 


3  Tnitb  de  Chemie  PathologiqiiB,  p.  627. 
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Haidlen,^  by  the  method  already  noticed,  found  that  1000  parts 
of  woman's  milk  contained: 

1.  9. 

Batter 13  34 

Caaein  and  iniolabie  ahi  -  •        27  31 

Sugar  of  milk  and  soluble  nlti       -  -       32  43 

In  the  second  analysis,  the  milk  was  extremely  rich  in  solid  con- 
stituents. 

Meggenhofen'  has  also  analyzed  woman's  milk;  but,  from  the 
method  which  he  pursued,  we  can  place  no  reliance  on  the  deter- 
mination of  the  individual  constituents.  The  dried  residue  was  ex- 
tracted with  alcohol  of  0*83,  and  afterwards  with  water,  as  long  as 
any  additional  matter  was  taken  up.  It  is  evident  that  fat,  some  of 
the  sugar,  and  perhaps  even  traces  of  casein  must  be  contained  in 
the  alcohol-extract ;  the  water-extract  contains  the  rest  of  the  sugar, 
some  extractive  matter,  and  a  great  part  of  the  casein.  According 
to  Meggenhofen,  the  solid  constituents  in  woman's  milk  vary  from 
10  to  12.56^,  and  the  salts  from  1*2  to  2'4g.  These  numbers  cor- 
respond very  closely  with  my  results. 

The  analyses  gave  in  1000  parts: 

Water  -  .  -  - 

Solid  conatituentB       ... 
Fat  with  sugar  and  alcohol-extract 
Sugar  and  casein     ... 
Coagdlated  casein   ... 

Payen'  has  likewise  analyzed  woman's  milk,  but  his  results,  es- 
pecially regarding  the  amount  of  casein,  differ  so  very  much  from 
those  of  other  chemists,  that  they  can  only  be  explained  on  the  as- 
sumption that  there  was  an  error  in  the  plan  of  his  analysis.  The 
following  numbers  represent  the  mean  of  three  analyses:  water, 
857*7;  solid  constituents,  142-3;  butter,  51*5;  casein,  2'2'j  residue  of 
evaporated  whey,  78  "0. 

The  salts  of  woman's  milk  appear,  according  to  my  own  observa- 
tions, and  those  of  Meggenhofen,  to  range  at  about  from  one-third 
to  one-fourth  per  cent  of  the  fluid;  of  these,  usually  about  two-thirds 
are  insoluble,  and  one-third  soluble  in  water:  the  former  consist  of 
phosphate  and  carbonate  of  lime,  with  a  little  magnesia,  and  a  very 
small  quantity  of  (phosphate  of?)  peroxide  of  iron;  the  latter,  of 
chlorides  of  sodium  and  potassium,  with  a  little  chloride  of  cal- 
cium, carbonate  of  soda,  (corresponding  with  the  lactate  in  the 
milk,)  and  a  little  sulphate  of  potash,  the  acid  of  which  does 
not  pre-exist  in  the  milk,  but  is  produced  during  incineration. 
Pfaff  and  Schwartz^  found  a  larger  proportion  of  salts  in  woman's 
milk,  namely,  0*4407 J;  they  were  composed  of  phosphate  of  lime, 

1  Annalen  der  Chemie  und  Phannade,  toL  45,  Na  3. 

>  Dissert  inaug.  sistens  indigationem  lact  rauL  chemie.  auct  Meggenhofen.    Frank£  a.  M. 
1826. 

>  Journal  de  Chim.  m^d.  vol.  vr,  p.  118. 

4  Dissert  imng.  astens  nova  ezperimenta  dica  lact  principb  oonstit   Kiel,  ISSSn 


.       827-5 

883-5 

789-3 

172-5 

116-5 

210-7 

91-3 

88-1 

171-8 

11-4 

12-9 

8-6 

241 

14-7 

28« 

TEMPSBAHENT  ON  THE  MILK.  335 

0-25;  phosphate  of  magnesia,  0*05;  phosphate  of  iron,  0*0007; 
phosphate  of  soda,  0*04;  chloride  of  potassium,  0*07;  and  soda 
originating  from  lactate  of  soda,  0-03.  Carbonate  of  lime,  sulphate 
of  potash,  and  chloride  of  sodium  are  not  noticed,  although  all  other 
observers  concur  in  finding  them  in  the  milk. 

Chevallier  and  0.  Henri  have  instituted  some  researches  on  the 
milk;  they  precipitated  casein  by  acetic  acid,  evaporated  the  fluid 
portion,  and  determined  the  salts  by  the  incineration  of  the  residue. 
They  estimated  the  part  that  was  consumed,  as  sugar  of  milk,  and 
removed  the  fat  from  the  precipitated  casein  by  means  of  ether. 
By  this  process  they  obtained  much  too  small  a  quantity  of  casein 
from  woman's  milk,  ^since  this  constituent  is  only  imperfectly  pre- 
cipitated by  acetic  acid,)  and  too  large  a  quantity  of  sugar,  which 
was  thus  made  to  include  all  the  destructible  constituents,  with  the 
exception  of  the  casein  and  fat.  In  the  other  sorts  of  milk,  the  pre- 
cipitation of  the  casein  by  acetic  acid  is  also  imperfect.  The  fol- 
lowing is  the  result  of  their  analysis  of  woman's  milk. 


Water 

879^ 

Solid  consbtuentB    • 

120-2 

Butter     - 

35-5 

Dried  caaein 

15^ 

Sugar  of  milk 

650 

SaltB       - 

4-5 

On  the  effect  of  temperament  on  the  milk. 

[It  has  been  long  believed  that  the  milk  of  fair  women  is  inferior 
in  its  properties  to  the  milk  of  brunettes.  As  far  as  I  am  aware, 
the  only  analyses  bearing  on  this  point  arc  those  of  L'Heretier.  He 
selected  two  females  of  equal  age,  and  made  them  submit  to  the 
same  diet  and  mode  of  life.  The  following  are  the  results  of  his 
analyses: 


A  Blonde, 

aged  99. 

A  Brunette 

,  aged  99. 

1. 

9. 

1. 

9. 

Water     - 

-        892K) 

881-5 

853-3 

853-0 

Solid  constituents 

108K) 

118-5 

146-7 

147-0 

Butter 

35-5 

40-5 

54-8 

56-3 

Casein 

1(H) 

9-5 

16-2 

17-0 

Sugar  of  milk   - 

58^ 

G4-0 

71-2 

70O 

Salts 

4-0 

4-5 

4-5 

4-5 

He  appears  to  have  selected  the  analyses  that  presented  the  roost 
marked  contrast;  for  he  observes,  that  if  he  had  taken  the  mean  of 
all  his  analyses,  the  difierence  between  the  amount  of  the  solid  con- 
stituents in  the  two  cases  would  have  been  less  marked,  the  average 
ratio  being  120  :  134. 

L^Heretier  has  likewise  investigated  the  changes  produced  in 
the  milk  by  a  prolonged  sojourn  in  the  breast.  The  two  following 
analyses  illustrate  the  efiect  thus  produced.  The  milk  in  each  analy- 
sis was  afforded  by  the  same  woman :  in  the  first  case  it  had  re- 
mained in  the  breasts  for  forty  hours;  in  the  second,  it  was  obtained 
after  the  infant  had  been  sucking  for  some  little  time. 

29» 
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Water 

1. 
90M 

2. 
8580 

Solid  reodne 

96-9 

1420 

Butter 

34-0 

36*5 

Caflein 

1-9 

130 

Sugar  of  milk 

5&6 

780 

Salts 

4-5 

46] 

On  the  changes  in  the  milk  dependent  on  nutrition. 

That  the  character  of  the  food  exerts  aa  influence  on  the  quality 
and  quantity  of  milk,  is  a  fact  that  has  been  Ions  known^  although 
the  nature  of  the  changes  could  not  be  correctly  determined.  I 
analyzed  the  milk  of  a  very  poor  woman  fifteen  times  at  regular  in- 
tervals during  the  course  of  half  a  year,  commencing  with  the  second 
day  after  delivery.  It  so  happened  that  she  was  suddenly  deprived 
of  the  means  of  obtaining  even  the  most  ordinary  necessaries  of 
life.  The  milk  secreted  at  this  period,  (the  11th  of  November,) 
was  sufficiently  abundant  in  quantity,  but  was  very  poor  in  solid 
constituents,  containing  only  8*6g.  Some  days  afterwards  (the  18th 
of  November)  she  was  placed  upon  a  full  and  nutritious  meat  diet 
The  milk,  in  consequence,  was  secreted  so  copiously  as  to  run  spon- 
taneously from  the  breasts:  it  left  ll*9g  of  solid  constituents.  Her 
circumstances  again  became  very  bad,  and  she  was  frequently  in  a 
state  of  the  utmost  destitution:  on  the  1st  of  December,  while  in 
this  condition,  the  milk  again  became  very  thin,  and  left  only  9*8J 
of  solid  constituents.  I  concluded  my  researches  on  the  milk  of 
this  woman,  by  an  examination  on  the  4th  of  January,  after  she  had 
been  supplied  for  two  days  with  a  nutritious  meat  diet:  the  milk 
was  then  very  rich  in  solid  constituents,  and  left  a  residue  of  12-6  J. 

The  following  are  the  results  of  my  examinations  on  these  four 
occasions;  below  them  is  the  average  of  the  fourteen  analyses  to  which 
I  have  already  referred : 

Solid  Bocar  and 

Water.       coutituents.   Batter.     Caieln.       extractive  matter. 

1.  Milk  on  Nov.  11th     •     9140  860  80        35  5  396 

2.  Ditto    Nov.  18th     *     88(h6         1]9^  340        37-5  454 

3.  Ditto    Dec  Ist        •     920O  960  80       39-0  490 

4.  Ditto    Jan.  4th         •      873*6  126-4  370        40O  460 

5.  Average  of  14  analyses     U830  IIG'4  25-3        38-3  4&2 

It  is  evident  from  these  analyses,  that  however  much  the  nutriment 
of  the  mother  may  vary,  no  great  influence  is  thereby  exerted  on  the 
relative  quantities  of  casein  and  sugar.  The  changes  consist  in  a 
greater  or  less  degree  of  saturation,  in  the  rich  yellowish  white  or 
the  bluish  colour,  in  the  quantity  of  the  milk,  and  in  its  amount  of 
solid  constituents;  with  the  exception  of  the  variation  in  quantity,  all 
the  other  changes  are  dependent  on  an  increase  or  diminution  of  the 
butter;  the  former  occurs  under  the  use  of  a  copious  and  nutritious 
diet,  the  latter  when  the  food  is  poor  and  scanty.  Donn6's*  proposal 
for  determining  the  goodness  of  the  milk  by  a  microscopic  examina* 
tion,  is  founded  on  incorrect  principles :  he  assumes  that  the  increase 

*  Du  Lait,  etc  p.  54. 
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of  the  butter  and  of  the  other  constituents  is  simultaneous;  an  assump* 
tion  that  the  above  analyses  show  to  be  inconsistent  with  facts. 

« 

Changes  in  the  milkj  corresponding  with  the  (tge  of  the  infant. 

It  seems  probable  that  certain  chanees  will  be  observed  in  the  milk 
when  the  progress  of  development  of  the  child  indicates  the  neces- 
sity for  other  food.  The  question  is  one  of  considerable  physiolo- 
gical interest,  and  in  order  to  elucidate  it  I  made  analyses  of  the  milk 
of  a  woman  during  a  period  of  nearly  six  months,  commencing  with 
the  second  day  after  delivery,  and  repeating  my  observation  at  in- 
tervals of  eight  or  ten  days. 

The  results  would  doubtless  be  more  decisive  if  the  experimentalist 
were  able  to  exclude  all  disturbing  influences :  but  in  almost  all  cases  the 
exercise  of  a  strict  control  over  the  method  of  living  and  the  nature 
of  the  food  of  the  mother,  is  just  as  impossible  as  the  exclusion  of  ex- 
citing moral  forces. 

The  fourteen  analyses  (the  colostrum  being  excluded)  gave  the  fol- 
lowing results: 

Aju^tm,  Speejfic  Solid  Fixed 

gravity.    Water.  conBtitaenta.    Caaein.  Sugar.    Batter,      aalta. 

1031-6  873^  1IS&6  21-3  62^  34-6  0-84 

103(H)  883-8  116-S  19^  57*6  31-4  1-66 

10300  899K)  101 0  25-7  52-3  18-0  2-00 

1030K)  883-6  116-4  220  520  26-4  1-78 

1034O  898-2  101-8  430  450  140  2-74 

1032O  8860  1140  45-2  39-2  27-4  2-87 

1034-5  9140  860  35-3  395  8-0  2-40 

1033O  880.6  119-4  370  45-4  34.0  2-50 

1033.4  890.4  109O  38-5  47.5  190  2-70 

1032.0  902.0  980  39-0  490  80  208 

1033O  890O  llOO  410  430  22-0  2-76 

1034-4  8910  109-0  42-0  440  20O  2-68 

1034O  86H  1380  310  52-0  540  2-35 

1032O  8730  126-4  40O  460  370  2.70 

A  glance  at  the  three  columns  of  casein,  sugar,  and  butter,  will 
show,  that,  with  few  exceptions,  1st,  the  quantity  of  casein  is  at  its 
minimum  at  the  commencement;  it  then  rises  considerably,  and  ulti- 
mately attains  a  nearly  fixed  proportion;  that,  2d,  the  quantity  of  su- 
gar is  at  its  maximum  at  the  commencement,  and  subsequently  dimi- 
nishes ;  and  that,  3d,  the  butter  is  a  very  variable  constituent  of  the 
milk. 

The  variations  observed  in  the  columns  of  the  sugar  and  of  the  casein 
arise  in  all  probability  from  those  disturbances  of  the  mode  of  living, 
and  of  the  tranquillity  of  the  mind,  which  produce  a  decided  influ- 
ence on  the  composition  of  the  milk,  and  over  which  the  experimen- 
talist can  exert  no  control. 

Milk  changed  by  disease. 

There  are  certain  morbid  states  of  the  system  which  produce  such 
an  influence  on  the  milk  that  the  infant  cannot  partake  of  it  without 
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69 
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73 
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detriment  to  its  health.  It  is  a  well-known  fact  that  the  milk  of  wo- 
men who  are  exposed  to  violent  mental  agitation,  to  passion,  grief, 
&e.  will  occasionally  produce  very  serious  effects  (and  sometimes 
even  instantaneous  aeath,)  on  the  infant:  and  some  physiologists  and 
phyaicians  are  of  opinion  that  chronic  diseases  may  be  transmitted  by 
the  milk  from  the  mother  to  the  child. 

When  we  read  the  statements  of  trustworthy  authors  regarding  . 
the  instantaneously  fatal  effect  produced  by  the  milk  on  the  infant 
on  the  occurrence  of  a  sudden  shock  affecting  the  mind  of  the  mo- 
ther, we  cannot  deny  that  some  chemical  change  is  produced  through 
the  nervous  influence  on  the  milk,  although  we  cannot  determine  the 
nature  of  that  change.  In  many  cases  the  milk,  possibly,  acts  only 
as  a  conducting  fluid,  and  thus  conveys  the  nervous  shock  from  the 
mother  to  the  child. 

Certain  morbid  changes  in  the  milk  which  are  dependent  on  the 
formation  of  mammary  abscess,  may  be  easily  recognised  by  the  mi- 
croscope, which  will  then  reveal  the  presence  of  pus-  or  mucus-cor* 
puscles.  Thus  in  cow's  milk  which  was  drawn  from  a  teat  affected 
with  vaccinia,  I  found  a  considerable  quantity  of  mucus-  or  pu8-co^ 
puscles,  while  in  the  milk  drawn  from  another  teat  of  the  same  adder 
there  were  none. 

When  a  mammary-abscess  opens  internally,  the  milk  alwavs  con- 
tains pus-corpuscles,  and  frequently  also  blood-corpuscles,  if  blood 
has  escaped  with  the  pus.  Donn6^  has  frequently  made  microscopic 
examinations  of  the  milk  of  women  with  swelled  breasts ;  it  resem- 
bles, in  some  measure,  the  colostrum.  In  the  milk  of  a  cow  affected 
with  vaccinia,  1  found  a  number  of  corpuscles,  which  were  very  like 
the  yellow  granulated  colostrum-corpuscles. 

1  have  had  an  opportunity  of  examining  the  milk  of  a  recently-de- 
livered woman,  who  was  in  a  state  of  considerable  fever  in  conse- 
quence of  a  violent  fit  of  passion:  her  child,  after  partaking  of  her 
milk,  was  seized  with  vomiting,  diarrhoea,  and  convulsions.  The 
breasts  were  swollen,  tense,  and  painful:  the  milk  had  an  alkaline  re- 
action, and  apparently  possessed  the  qualities  of  the  ordinary  secre- 
tion; it  had,  however,  a  diflerent  and  not  very  easily  described  ani- 
mal odour.  When  boiled  it  exhibited  no  albumen,  but  after  evapora- 
tion to  a  certain  point  it  coagulated,  and  had  a  marked  acid  reaction. 
Another  portion  that  was  set  aside,  coagulated  after  some  hours,  and 
had  an  acid  reaction,  a  circumstance  I  have  never  observed  in  healthy 
human  milk,  which  will  remain  undecomposed  for  five  or  six  days. 

After  twenty  hours  it  developed  so  large  an  amount  of  sulphuret- 
ted hydrogen,  that  a  slip  of  paper  which  had  been  moistened  in  a  so- 
lution of  lead,  and  was  then  placed  in  the  flask,  in  a  short  time  be- 
came brown.  The  casein,  sugar,  and  butter,  did  not  seem  to  have 
undergone  any  change,  either  qualitative  or  quantitative.  In  fact 
there  appeared  to  be  little  difference  between  it  and  the  milk  that 
was  secreted  twenty-four  hours  before,  and  six  days  later,  as  may 

1  Du  Lait,  etc  p.  40. 
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be  seen  by  a  comparison  of  analyses  67,  68,  and  69:  analysis  68 
merely  exhibits  a  smaller  proportion  of  solid  constituents,  which  is 
principally  due  to  the  decrease  of  butter.  The  differences  observable 
in  this  milk  were  undoubtedly  connected  with  the  bad  effects  which 
it  produced  on  the  infant 

The  case  was  altogether  different  with  the  milk  of  a  woman  who 
contracted  syphilis  alter  the  birth  of  her  first  child,  and  who,  in  conse- 
quence of  defective  or  improper  medical  treatment  carried  the  remains 
of  the  disease  about  her  for  years.  The  children  which  she  bore  while 
in  this  condition,  and  which  were  begotten  by  her  husband  who  also 
had  some  suspicious  sores  on  the  feet,  did  well  for  the  first  half  year, 
they  then  became  highly  scrofulous,  and  died  in  a  state  of  marasmus: 
the  first  child  was  perfectly  healthy.  The  milk,  when  she  was  suck- 
ling her  sixth  child,  which  was  a  year  and  a  half  old,  and  in  a  dread- 
fully scrofulous  state,  exhibited  no  deviation  from  the  healthy  secre- 
tion: it  appeared  rich,  tasted  and  smelled  like  healthy  milk,  and  had 
an  alkaline  reaction,  which  it  retained  for  the  space^of  six  days.  Its 
constituents,  casein,  sugar,  and  butter,  appeared  normal,  and  there 
was  no  peculiarity  in  their  quantitative  admixture.  (See  analysis  64, 
p.  333.)  Hence,  although  the  woman  was  suffering  from  a  malignant 
chronic  disease,  no  morbid  change  was  observable  in  the  milk. 

Donn6^  has  frequently  submitted  the  milk  of  syphilitic  women  to 
microscopic  examination,  but  never  observed  any  deviations  from  the 
normal  appearance. 

Meggenhofen'  found  that  the  milk  of  a  syphilitic  woman  reddened 
tincture  of  litmus,  and  that  it  was  coagulated  by  protonitrate  of  mer- 
cury, basic  acetate  of  lead,  and  infusion  of  galls,  but  not  by  hydro- 
chloric or  acetic  acid,  protochloride  of  tin,  neutral  acetate  oi  lead,  or 
alcohol  of  0.83. 

Herberger^  has  analyzed  a  specimen  of  diseased  human  milk;  he  found 
it  composed  of  water,  895;  solid  constituents,  105;  casein,  18*3;  su- 
gar, 26*9;  butter,  23*3;  chlorides  of  potassium  and  sodium,  lactate 
and  phosphate  of  potash,  and  an  inorganic  substance,  insoluble  in  oil 
of  turpentine,  41-6;  organic  matter  soluble  in  oil  of  turpentine,  1*6. 
The  latter  substance  was  a  yellow  extract  soluble  in  water  and  alco- 
hoL  The  solution  reduced  the  salts  of  gold,  silver,  and  platinum, 
yielded  no  ammonia  by  dry  distillation,  and  was  not  precipitated  by 
tannic  acid. 

Deyeux^  examined  the  milk  of  a  woman  who  was  liable  to  frequent 
nervous  attacks:  he  found  that  simultaneously  with  these  seizures, 
the  milk  became  transparent  and  viscid,  like  albumen,  and  did  not 
reassume  its  normal  condition  for  some  time. 

1  Op.  dt  p.  52.  B  Diflsert  inaog.  etc  p.  16. 

a  Joomal  fur  prakt  Cheinie,  vol.  tL  p.  284. 
4  dell's  Chemiacbe  Annakn.  vol.  i.  p.  369. 
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Other  changes  in  the  milk. 

Certain  substances  which  are  not  included  in  the  ordinary  con- 
stituents of  the  milk  are  sometimes  detected  in  it,  after  having  been 
taken  into  the  system,  either  as  food  or  medicine.  It  is  not  to  be 
expected  that  all  the  substances  which  enter  the  circulating  fluid  and 
are  separated  by  the  kidneys,  should  be  found  in  the  milk,  since  the 
absorbents  appear  to  exert  a  sort  of  selective  power,  and  would  thus 
reject  those  substances  which  occur  in  the  blood,  but  which  would 
produce  an  injurious  effect  on  the  tender  frame  of  the  infant,  if  they 
entered  into  the  milk. 

I  have  sought  in  vain  for  ferrocyanide  of  potassium  in  the  milk  of 
women  who  were  suckling,  and  to  whom  I  have  given  it  in  doses  of 
six  drachms.  This  salt  is  known  to  enter  very  readily  into  the  cir- 
culation, and  is  found  after  a  very  short  interval  in  the  urine.  After 
the  lapse  of  two  days  I  gave  the  same  woman  twenty-three  grains 
of  iodide  of  potassium,  but  I  could  detect  no  trace  of  this  salt  in 
the  milk.  Lastly,  I  attempted  in  vain  to  detect  sulphate  of  mag- 
nesia in  the  milk  of  a  woman  who  was  suckling,  and  to  whom  I  had 
administered  it  in  a  sufficient  dose  to  act  as  a  laxative. 

For  the  particulars  of  these  experiments  I  must  refer  to  my  essay 
'  On  the  Milk  of  Woman,  in  its  Chemical  and  Physiological  rela- 
tions.' From  these  observations  I  think  that  I  am  justified  in  the 
conclusion  that  energetic  substances,  which  are  foreign  to  normal 
milk,  either  do  not  enter  into  that  secretion  at  all,  or  if  they  do,  they 
undergo  modifications,  which  render  them  more  compatible  with  the 
organism.  Although  I  could  not  detect  the  sulphuric  acid  of  the  sul- 
phate of  magnesia  in  the  milk,  it  is  very  probable  that  the  magnesia 
entered  the  milk  as  a  lactate,  while  the  sulphuric  acid  was  carried 
off  by  the  urine  as  a  sulphate. 

Peligot,  however,  has  detected  iodide  of  potassium  in  asses'  milk; 
and  Herberger  in  the  milk  of  woman.  [I  nave  on  several  occasions 
observed  the  ordinary  indication  of  iodine  on  the  addition  of  xyloidin, 
or  of  starch  and  a  drop  or  two  of  nitric  acid  to  the  urine  of  infants  at 
the  breast  during  the  period  of  the  mother  taking  three  grains  of  hy- 
driodate  of  potash  thrice  a  day — a  convincing  proof  that  the  salt  has 
entered  the  milk.]  Mercurial  medicines  used  by  women  who  are 
suckling  have  never  been  traced  in  the  milk,  [although  their  effects 
on  the  infant  are  undoubted.] 

ON  THE  MILK  OF  ANIMALS. 

Colostrum  ofanimah. 

In  the  colostrum  of  the  cow  Chevallier  and  Henri  found:  water, 
803-8;  casein,  170-7;  and  butter,  26-0.  They  describe  it  as  a  dark 
yellow,  thick,  viscid  fluid,  sometimes  marked  with  fine  streaks  of 
blood;  it  has  an  alkaline  reaction,  contains  little  butter,  (as  shown  by 
the  analysis,)  coagulates  on  heating,  and  in  all  probability  contains  a 
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mixture  of  albunten  and  casein,  in  the  same  manner  as  I  observed  in 
the  mammary  secretion  of  the  ass  a  short  time  before  delivery. 

Boussingault  and  Le  BeP  found  in  the  colostrum  of  a  cow,  the 
day  after  calving:  water,  784*0;  casein  with  albumen,  151*0;  butter, 
26-0;  sugar,  36*0;  and  earthy  salts,  3*0.  (I  shall  presently  describe 
a  specimen  of  cow's  milk  resembling  colostrum,  which  was  analyzed 
by  me.) 

In  the  colostrum  of  the  ass  Chevallier  and  Henri  found:  water, 
828*4;  casein,  123*0;  butter,  5*6;  and  sugar,  43*0; — and  in  the  colos- 
trum of  the  goat:  water,  641*0;  casein,  275*0;  butter,  520;  and 
sugar,  32*0. 

The  170*7  parts  of  casein  found  by  Chevallier  and  Henri  in  the 
colostrum  of  the  cow,  consisted  of  150*7  of  a  substance  coagulable  at 
a  boiling  heat,  which  they  termed  colostrum-casein,  and  of  20  of  a 
substance  remaining  in  the  whey,  to  which  they  applied  the  name 
of  matilre  muqueuse. 

The  123  parts  of  casein  in  the  colostrum  of  the  ass  consisted  of  116 
of  the  former,  and  7  of  the  latter  substance;  and  in  the  colostrum  of 
the  goat  they  were  in  the  proportion  of  245:  30.  These  numbers 
approximate  very  closely  to  the  proportional  amount  of  casein  and 
albumen  in  asses'  milk,  previously  to  delivery.     (See  page  331.) 

1.  Cow^s  milk. 

Cow's  milk  is  a  rich  white  fluid  of  an  agreeable,  somewhat  sweet- 
ish taste,  and  of  a  peculiar  odour;  when  allowed  to  stand,  the  fatty 
portion  (cream)  collects  on  the  surface;  when  boiled,  it  becomes 
covered  with  a  film  of  coagulated  casein.  My  own  observations  and 
those  of  others  show  that,  when  fresh,  it  has  always  an  alkaline  reac- 
tion. D'Arcet  and  Petit  have,  however,  found  it  to  be  acid.  This 
discrepancy  may  probably  be  explained  by  the  circumstance  of  the 
speedy  conversion  of  the  sugar  into  lactic  acid,  which  is  sometimes 
noticed  in  cow's  milk.  The  state  of  acidity  is  hastened  by  a  height- 
ened temperature,  and  is  most  rapidly  induced  by  being  brought  in 
contact  with  rennet.  The  specific  gravity  of  cow's  milk  varies  from 
1030  to  1035. 

We  possess  several  analyses  of  cow's  milk;  it  has  been  examined 
by  Herberger  and  myself  by  the  method  I  have  previously  explained, 
and  our  results  approximate  closely.  The  third  of  my  analyses  (No. 
82)  represents  the  milk  a  short  time  after  calving,  while  it  still  re- 
tained the  character  of  colostrum.  Boussingault  and  Le  Bel  have 
also  analyzed  normal  milk  with  the  view  ot  ascertaining  the  influ- 
ence of  various  sorts  of  fodder  on  its  composition ;  by  the  adoption 
of  the  French  method,  to  which  I  have  already  alluded,  they  obtained 
too  little  casein  and  too  much  sugar.  I  shall  give  the  mean  of  twelve 
of  their  analyses: 

1  AnnaL  de  Chim.  et  de  Phys.  May,  1839. 
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F.  Bimoii.  Herbergtr.  g 


Ail.80.       81.  8S.        1.  8. 


a 


.V, 


Water       -       -  857-0  861-0  8230  8530  8630  868  874-0  8704 

Botid  oooititiMntf  1430  1390  1770  1470  1380  133  1260  129« 

Butter    -       -  40O  380  550  380  37«  36  390  31-3 

CMem   •       -  7^  680  670  69^  670  56  340  44-8 

^XSiS^r.^^     890     610     81-8      26-3?  40      ^^       ^"^ 

Fixed  falts     *  &S       6-1      130       70        7-2 )  60 

Eardiy  nits    -  9^  ' 

[Haidlen  found,  in  the  milk  of  a  cow:  water,  873;  solid  residue, 
127;  butter,  30;  casein  and  insoluble  salts,  51 ;  sugar  and  soluble  salts, 
46.  He  has  carefully  studied  the  salts  of  the  milk,  and  is  of  opinioii 
that  the  carbonate  of  soda  that  occurs  in  the  ash  does  not  originate 
from  a  lactate  in  the  fresh  milk,  but  exists  there  combined  with 
casein.  The  salts  are  combinations  of  phosphoric  acid  with  lime, 
magnesia,  and  peroxide  of  iron;  chlorides  of  sodium  and  potassium, 
and  soda  in  combination  with  casein. 

The  following  numbers  represent  the  amount  of  the  various  salts 
found  in  1000  parts  of  milk:  the  per  centage  of  each  constituent  is 
added  in  order  to  show  the  slight  variation  to  which  the  different 
salts  are  liable,  in  relation  to  the  mass  of  the  ash. 

Phosphate  of  lime 
Phosphate  of  magnesia    • 
Phos(^te  of  peroxide  of  iron 
Chloride  of  potassium 
Chloride  of  sodium 
Soda        -        - 

4O0  1000  6*77       1000] 

Berzelius^  found,  in  skimmed  milk:  water,  928-75;  casein,  with 
butter,  26*00;  sugar,  35-00;  alcohol-extract,  with  lactic  acid  and  salts, 
6*00;  chloride  of  potassium,  1*70;  alkaline  phosphates,  0-25;  phos- 
phates of  lime  and  magnesia,  with  traces  of  iron,  2-30.  The  cream 
consisted  of:  water,  920;  butter,  45;  casein,  35. 

Pfaff  and  Schwartz^  estimate  the  fixed  salts  at  0'3742y,  scarcely 
more  than  half  the  quantity  obtained  by  Herberger  and  myself. 
They  contained  phosphate  of  lime,  0-1805;  phosphate  of  magnesia, 
0-0170;  phosphate  of  iron,  0-0032;  phosphate  of  soda,  0-0225;  chlo- 
ride  of  potassium,  0-1350 ;  and  lactate  of  soda,  0-0115. 

A  comparis(%  of  my  analyses  of  cow's  milk  with  those  of  woman's 
milk  will  show  t)iat  the  former  contains  the  larger  amount  of  solid 
constituents,  especially  of  casein,  while  the  latter  contains  the  greater 
quantity  of  sugar. 

1  Thieidiemia,  p.  701. 

8  Oiss.  inaug.  sist.  nova  experim.  arc.  lact.  prindp.  oonstit.    Kiel,  1833. 


1.  Perceataffe. 
2-31            471 

S.  Pereentace. 
3-44        60-7 

.        0-42             80 

0-64         9-5 

-       007             1-4 

007          10 

144            29-4 

183       271 

0-24             49 

034          50 

0-43             8-6 

0-45         67 

•1 

goat's  milk.  ^3 

2.  tdsses^  milk. 

Asses'  milk  is  a  tolerably  rich  white  fluid,  with  a  sweeter  taste 
than  cow's  milk,  and  occasionally  having  an  acid  reaction.  Its  spe- 
cific gravity  fluctuates  between  1035  and  1023.  I  found  the  milk 
of  an  ass/  about  a  year  after  foaling,  to  be  composed  of: 

Analyiia  83. 

Water 90700 

Butter  with  some  lactic  add   -  •  -  12']0 

Caaem  .....  ]674 

Sugar,  whh  extractive  matter  and  alkaline  salts  62-31 

The  following  is  the  mean  of  several  analyses  of  asses'  milk  made 
by  Peligot;^  his  numbers  approximate  pretty  closely  to  mine: 

V^Tater 904  7 

Butter 13-9 

Casein          .           •           .           •           •  19*5 

Sugar,  extractive  matter,  and  salts      •           •  62-9 

Chevallier  and  Henri  found  in  1000  parts  of  asses'  milk: 

Water  ....  916-3 


Solid  constituents 
Butter 
Casein 
Sugar 
Salts 


835 

11 

18  2 

60-8 

34 


Rs'  milk  contains  a  smaller  amount  of  solid  constituents,  espe- 
cially of  casein  and  butter,  than  cow's  milk;  it  also  difiers  from  it  in 
its  great  abundance  of  sugar  and  extractive  matter,  in  which  peculia- 
rity it  resembles  woman's  milk. 

3.  Mare's  milk. 

Mare's  milk  is  very  rich  in  solid  constituents;  it  has  a  specific 
gravity  of  1034-6 — 1045'0;  it  contains  little  butter,  but  a  large  amount 
of  sugar.  Stipriaan,  Luiscius  and  Bondt  obtained  from  it  0*8  g  of 
cream,  1*62^  of  casein,  and  8-75^  of  sugar.  I  obtained  a  yellow, 
viscid,  saltish,  and  nearly  inodorous  fluid  from  the  teats  of  a  mare 
expected  to  foal  shortly:  it  coagulated  on  heating,  exhibited  a  few 
fat-vesicles  and  granular  corpuscles  under  the  microscope,  and  acetic 
acid  separated  a  small  quantity  of  casein.  It  contained  5J  of  solid 
constituents,  of  which  only  0*15J  was  butter.  The  solid  constituents 
consis^d  for  the  most  part  of  albumen,  mixed  with  a  little  casein, 
butter,  and  extractive  matter. 

4.  GoaCs  milk. 

Goat's  milk  is  a  very  rich  white  fluid,  of  specific  gravity  1036, 
with  a  peculiar  disagreeable  odour  arising  from  the  hircic  acid  which 
is  present  in  the  butter.  Its  solid  constituents  are'  as  abundant  as 
those  of  cow's  milk,  and  it  contains  in  1000  parts: 

*  Anna],  de  Chtmic  et  de  Physique,  A  out,  1836,  p.  432. 
30  * 
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CbeTaIli«r 

Btip.,  Loiic.. 

and  Henri.      Clenin. 

Boywon. 

John. 

Pajren. 

aodBondt. 

Water       - 

868  0        865175 

8928 

849-3 

8550 

7444 

Butter 

.       .       332         42507 

29-9 

117 

408 

45^ 

Caem 

.       4U-2         60-321 

529 

1054 

452 

91-2 

Sugar 

:   :  til  «^ 

207 

23-4 

438 

RMidaeof 

wbey 

586 

Cream 

76-0 

[An  analysis  of  the  mammary  secretion  of  a  he-goat  has  been  re- 
cently made  by  Schlossberger.^  Theanimal  was  four  years  old^aud  had 
given  undoubted  proof  of  his  generative  powers.  The  fluid  obtained 
by  repeatedly  milking  the  animal,  had  the  colour,  consistence,  and 
taste  of  milk,  and  was  perfectly  devoid  of  any  unpleasant  odour. 
Under  the  microscope,  the  globules  appeared  numerous,  and  a  consi- 
derable amount  of  cream  separated  after  standing  for  some  time. 
The  milk  was  analyzed  according  to  Haidlen's  method,  and  found  to 
contain: 

Water '  850  9 

Butter       ...           -           -           .  26-5 

Casein  (with  nlte  infohible  in  alcohol]       -  96*6 

Sugar  (with  nits  aolubfe  in  alcohol)           -  26  0 

The  milk  left  'TSS  J  of  ash,  of  which  '325  were  soluble,  and  AS! 
insoluble  in  water.  This  case  is  interesting  in  reference  to  the  theory 
of  secretion;  it  seems  to  show  that  the  secretion  of  milk  is  indepen- 
dent of  any  peculiar  condition  of  the  blood  incident  to  pregnancy, 
but  that  it  depends  far  more  upon  the  development  of  the  secreting 
organ.] 

5.  Ewe^smilk," 

Ewe's  milk  is  an  extremely  rich,  thick,  white  fluid,  with  an 
agreeable  smell  and  taste,  and  having  a  specific  gravity  of  1035  to 
1041.     Stlprlaan,  Luiscius,  and  Bondt  found  in  1000  parts: 


Water 

Solid  constituents 

Butter     . 

Casein    • 

Sugar 

Cream    • 


6320 
3680 

580 
153  0 

42  0 
1150 


■ 

We  cannot  help  thinking  that  in  this,  as  well  as  in  the  pi;eviou8 
analysis  by  the  same  chemists,  the  amount  of  solid  constituents,  and 
especially  of  the  casein,  is  higher  than  is  likely  to  be  correct.  Che- 
vallier  and  Henri  found  in  1000  parts: 


Water  . 

Butter  . 

Casein  . 

Sugar  . 

Salts  - 


856^ 

42H) 

45H) 

50K) 

68 


*  Annakn  der  Chemie  und  Phamiacie,  1844. 


DISEASED  MILK.  345 

6.  Bitches*  milk. 

I  have  made  two  analyses  of  the  milk  of  a  bitch  of  the  bull-dog 
breed.  The  milk  was  drawn  from  one  of  the  teats  that  was  not  used 
by  the  pup:  it  was  very  thick^  (whereas  the  milk  from  the  teats 
which  the  pup  was  in  the  habit  of  suckine  was  very  thin,)  had  a 
disagreeable  animal  odour,  and  a  rather  saltish,  mawkish,  but  not 
sweet  taste.  A  period  of  ten  days  elapsed  between  the  two  ana- 
lyses. 

Anal.  84.  Anal.  es. 

Water           .               •               -  657-4  68SH) 

Solid  constitnents          •              -  342^  31iH) 

Butter        -              .              -  1620  133  0 

Caaein        -               -               -  174  0  14&0 

EztractiTe  matter  and  traoea  of  augar  29  0  30O 

Fixed  aalta                -              •  150  14  8 

This  milk  is  distinguished  from  every  other  kind  of  milk  that  I 
have  examined,  by  the  immense  amount  of  its  solid  constituents,  and 
by  the  nearly  total  absence  of  sugar. 

[Clemm  examined  the  milk  of  a  bitch.  Its  specific  gravity  was 
1033;  and  1000  parts  yielded  274.689  of  solid  constituents,  consisting, 
for  the  most  part,  of  casein  and  butter,  but  still  giving  undoubted  in- 
dications of  the  presence  of  a  very  small  quantity  of  sugar.  The 
bitch  was  fed  entirely  on  flesh.] 

On  diseased  milk  in  animals. 

The  changes  produced  by  disease  have  been  especially  studied  in 
cow's  milk.  The  milk  may  contain  mucus,  pus,  and  blood,  under 
similar  conditions  to  those  which  we  have  noticed  in  woman's  milk. 
(See  page  338.)  These  substances  are  easily  detected  by  the  micro- 
scope. 

Through  the  kindness  of  Dr.  Bremer,  I  obtained  some  milk  from 
the  udder  of  a  cow  aflfccted  with  vaccinia,  and  indeed  one  portion  of 
the  milk  was  taken  from  a  teat  covered  with  the  eruption,  while  the 
rest  was  drawn  from  a  healthy  teat  The  two  specimens  difiered 
both  chemically  and  physically:  the  milk  from  the  diseased  teat  was 
strongly  alkaline,  had  a  slightly  saline  taste,  and  exhibited  under  the 
microscope  a  number  of  mucus-  or  pus-corpuscles.  It  became  gelati- 
nous on  the  addition  of  a  spirituous  solution  of  caustic  ammonia;  it 
yielded  a  precipitate  of  mucus-  or  pus-corpuscles  on  standing,  while 
the  upper  portion  became  clear ;  and  it  coagulated  on  heating,  in  con- 
sequence of  the  presence  of  albumen. 

The  milk  from  the  healthy  teat  had  a  mild  acid  reaction,  tasted 
like  ordinary  milk,  contained  no  pus-  or  mucus-corpuscles,  but  a 
larger  proportion  of  fat  vesicles  than  the  diseased  milk.  These  ana- 
lyses gave: 
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Ana1y«f  86. 
Mlik  nrom  the 
healthy  t«at. 

912-I0 
87-90 
19-58 

29-36 


Analyaif  87. 
Milk  from  tlM 
diseased  teat. 

93&40 
64-60 


3U0 


lG-18 


0-32 

3-87 

6^ 

3-20 

12-42 

Water 

Solid  constitQents 
Butter 

Caaein  ... 

Caaeiiii  with  poa  or  mucus,  and  albumen 
Sugar,  with  akokiol-eztrKt,  lactatea  and 

chkride  of  lodhim 
Extractite  matter,  widi  chloride  of  aodhm^ 

lactate  of  loda,  and  a  little  sugar 
Water«xtract 
Salts  soluble  in  water     - 
Salts  insoluble  in  water 

The  great  increase  of  the  soluble  salts,  especially  of  the  free  alkali, 
the  presence  of  albumen,  and  the  almost  total  absence  of  sugar,  are 
the  points  most  worthy  of  notice  in  the  morbid  specimen. 

Herberger^  has  analyzed  the  milk  of  cows  suffering  from  the  grease, 
and  found  it  materially  affected.  In  the  first  stage  of  the  disease  he 
found  that  the  milk  only  coagulated  imperfectly  on  the  addition  of 
rennet,  in  consequence  of  the  increased  quantity  of  alkaline  salts; 
moreover  (and  probably  for  the  same  reason)  the  fat-vesicles  were 
not  distinct,  as  they  usually  are,  but  merged  into  each  other.  In  the 
second  stage,  only  a  few  fat-vesicles  were  observable,  the  coagulation 
by  rennet  was  very  imperfect,  and  the  milk,  which  was  thick  and 
viscid,  had  an  unpleasant  putrid  smell  and  taste.  In  both  stages  the 
sugar  and  casein  were  below  their  normal  proportions,  but  the  amount 
of  salts  was  increased;  the  presence  of  carbonate  of  ammonia  (an  in- 
gredient never  before  observed  in  the  milk)  was  detected.  His  ana- 
lyses gave  the  following  results: 


In  the  flm  f  late. 
1                ** 

Water 

86iH) 

8724 

Solid  constituents  - 

131-0 

127-6 

Fat 

390 

38-5 

Casein   • 

524 

51-0 

Sugar    • 

22-8 

210 

Fixed  salts 

16-8 

171 

Specific  gravity  - 

1033-6 

1033K) 

In  the  lecond  etsfe. 

Healthy  mill:. 

1.                 2. 

874-1         879-3 

857-5 

125-4         120-7 

14^5 

38-2           37-9 

38-9 

500           490 

684 

210           190 

88-8 

160           13-9 

7-1 

1033*1    1029*1 

1033*7 

The  most  striking  changes  in  the  diseased  milk  are  the  diminution 
of  the  solid  constituents,  especially  of  the  casein  and  sugar,  and  the 
extraordinary  increase  of  the  salts.  Hence  the  modifications  of  the 
fluid  in  this  instance  closely  resemble  those  in  my  analyses  in  the 
preceding  page. 

Donn6  found  that  the  milk  of  the  cow  during  ^<  la  maladie  aph- 
theuse,"  resembled  colostrum.  It  was  less  fluid  and  homogeneous  in 
its  mixture  than  ordinary  milk;  it  became  viscid  on  the  addition  of 
ammonia,  and,  besides  the  ordinary  milk-corpuscles,  the  microscope 
revealed  mucus-granules  and  tubercular  (mulberry-form)  corpuscles. 

1  Pharm.  Centialblat  Jahrg.  1840,  p.  138. 
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Of  other  changes  in  the  milk. 

The  passage  of  various  substances  into  the  milk  has  been  more 
frequently  observed  in  animals  than  in  the  human  species.  Peligot 
detected  iodide  of  potassium,  and  chloride  of  sodium  in  the  milk  of 
the  ass,  after  internal  administration.  The  salts  of  iron,  zinc,  and 
bismuth,  are  also  said  to  enter  it  in  minute  quantities. 

The  sulphates  of  soda  and  potash,  sulphuret  of  potassium,  and  the 
mercurial  salts  have  never  been  met  with  in  the  milk.  The  smell, 
taste,  and  colour  of  vegetable  substances  are  taken  up  by  it. 

The  milk  is  sometimes  observed  to  become  blue  on  its  surface  af- 
ter standing  for  24  to  48  hours,  and  the  tint  gradually  diffuses  itself 
through  the  whole  fluid:  the  milk  has  also  been  observed  to  turn  yel- 
low in  a  similar  manner.  Fuchs^  has  carefully  investigated  this  phe- 
nomenon, and  has  detected  in  milk  of  this  nature  a  peculiar  infuso- 
rium, to  which  he  has  applied  the  name  vibrio  ci/anogenus;  it  is  not 
of  a  blue  colour  itself,  but  it  appears  to  have  the  power  of  gradually 
changing  the  milk  to  this  tint.  When  removed  from  the  milk,  and 
placed  in  an  infusion  of  marsh-mallows,  these  animalcules  increase  in 
size,  and  communicate  a  faint  blue  tinge  to  the  fluid;  in  this  way  they 
may  be  preserved  for  a  long  time.  Closely  allied  to  this  animalcule 
is  the  vibrio  xanthogenus ;  they  are  sometimes  found  together  in 
milk,  and  Fuchs  had  also  an  opportunity  of  observing  them  in  milk 
which  had  become  yellow,  a  much  more  rare  change  than  the  former. 


CHAPTER  V. 

SECRETION  OF  THE  MUCOUS  MEMBRANE. 

Mucus. 

All  the  internal  parts  of  the  animal  body  which  are  connected  by 
direct  continuity  with  the  external  surface,  are  covered  by  a  soft  vel- 
vety and  highly  vascular  coat — the  mucous  membrane,  which  in  its 
turn  is  protected  by  a  delicate  layer  of  epithelium.' 

The  mucous  surfaces,  especially  when  they  are  in  a  state  of  irrita- 
tion, secrete  a  viscid,  stringy,  and  often  tough  fluid;  occasionally  it  is 

'  Beitra^  zur  naheren  Kenntniss  der  gesunden  und  fehlerhaften  Milch  der  Hausthicre. 
Magazm  fur  die  gesammte  ThierhoUkunde,  Jahrg  7.  Stuck  2. 

s  According  to  Henle  the  cpithelinm  consifitfi  of  one  or  more  layere  of  cells,  which,  from  the 
peculiarity  of  their  form,  arc  arranged  in  three  ^upa:  1st,  Pavement  epithelium  Tthe  scaly 

rieliuin  of  Bowman],  fig.  14  a,  which  occurs  in  tiic  mouth,  in  the  intertinal  canal  as  ftjr  as 
pylorus,  in  the  vagina,  Ac.:  2d,  Cylinder  epithelium,  [the  prismatic  of  Bowman,  the 
columnar  of  Todd,]  fig.  146,  having  a  conical  fonn,  and  anranged  perpendicularly  to  the  base- 
ment membrane;  this  form  ocrurt)  in  the  portion  of  the  intestinal  canal  below  the^  pylorus,  in 
the  gaU-btadder,  and  in  the  male  gcnito-urinai^  apparatus:  and  3d,  The  ciliated  epithelium,  fig. 
14c,  which  rescmUes  the  cylinder  cpitheliimi  m  Urn,  and  has  its  free  edges  anned  with  cilia. 
This  occurs  in  the  re«piratory  organs,  in  the  uterus,  and  Fallopian  tubes. 

30* 
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clear  and  colourless,  but  most  commonly  it  is  turbid,  of  a  faint  yellow 
or  grayish  white  colour,  and  is  frequently  of  sufficient  consistence  to 
separate  in  gelatinous  globular  masses^  or  tough  flocculi. 

0/ normal  mucus. 

The  transition  from  healthy  to  diseased  mucus  is  so  indefinitely 
characterized,  that  it  is  almost  impossible  to  draw  a  strict  line  of  de- 
marcation between  them,  and  the  same  remark  is  equally  applicable 
to  the  further  change  of  the  diseased  secretion  into  pus:  hence  it  is 
not  very  easy  to  form  a  distinct  conception  of  what  normal  mucus 
really  is. 

Henle  states  that  in  the  same  manner  as  the  outer  surface  of  the 
external  skin  is  continually  peeling  off  and  giving  place  to  the  layer 
beneath  it,  so  there  is  also  a  continuous  desquamation  or  separation  of 
the  epithelium  of  the  mucous  surfaces,  which  sometimes  occurs  in  men 
who  are  in  other  respects  healthy,  to  such  an  extent  that  thick  clots  of 
mucus  are  expectorated  in  the  morning;  which  on  being  examined 
with  the  microscope,  contain  merely  epithelium-cells.  This,  which  is 
formed  by  a  mere  act  of  separation  from  the  uppermost  layer  of  epi- 
thelium, is  regarded  by  Henle  as  normal  mucus;  he  gives  it  the  name, 
however,  of  epithelium,  and  restricts  the  term  mucus  to  the  morbid 
secretion  of  the  mucous  surfaces  in  which  mucus- corpuscles  (of  which 
I  shall  speak  presently)  are  found.     I  have  always  found  these  cor- 

Euscles  in  the  secretion  from  the  nasal  and  pulmonary  mucous  mem- 
rane  of  perfectly  healthy  persons;  they  are  mixed  in  a  small  quantity 
with  the  epithelium-cells,  and  become  increased  when  the  mucous 
membrane  is  irritated. 

Physical  characler  of  mucus. 

Normal  mucus,  when  fresh  and  recently  secreted,  is  denser  than 
water,  and  when  mixed  with  that  fluid  it  gradually  sinks  to  the  bot- 
tom of  the  vessel,  unless  it  should  be  hindered  from  doing  so  by  ex- 
traneous causes. 

Dried  mucus  sinks  very  rapidly:  normal  mucus  from  the  lungs  or 
nostrils  usually  floats  on  water  for  a  considerable  period;  in  fact  it 
was  regarded  as  characteristic  of  mucus  to  float  on  water,  in  contra- 
distinction to  pus,  which  always  sinks.  A  more  careful  investigation 
enables  us  to  trace  the  floating  of  the  mucus  to  two  causes:  first  to 
the  number  of  air-bubbles  that  are  entangled  in  it,  (after  the  removal 
of  which  it  sinks;)  and,  secondly,  to  the  proportionally  small  amount 
of  solid  constituents  in  the  secretion.  The  insolubility  of  fluid  mucus 
in  water  is  the  cause  of  the  long  retention  of  the  air-bubbles.  When 
mucus  contains  pus,  the  proportion  of  solid  constituents  increases,  the 
fluid  portion  diminishes,  and  its  place  is  supplied  by  albumen. 
Water  rapidly  permeates  mucus  in  this  state,  the  air-bubbles  escape, 
«^nd  it  speedily  falls  to  the  bottom  in  consequence  of  its  specific  gra- 
Y.  Mucus  from  the  bladder  or  from  the  intestines  does  not  swim 
water  in  consequence  of  the  absence  of  air-bubbles. 
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When  some  fresh,  fluid,  transparent,  nasal,  or  bronchial  mucus  is 
'examined  under  the  microscope,  it  is  found  to  consist  of  a  liquid  in 
which  minute  rounded  or  prolonged  corpuscles  of  a  granular  appear- 
ance (mucus-corpuscles)  are  enclosed,  which  do  not  exhibit  any  inde* 
pendent  motion,  in  consequence  of  the  thick  viscid  nature  of  the  fluid 
m  which  they  are  suspended ;  but  when  the  fluid  is  stirred  they  are 
seen  to  move  with  it  In  addition  to  the  mucus-corpuscles,  some  epi* 
thelium-cells  are  also  observed  and  a  finely-granulated  substance 
which  pervades  the  whole  fluid,  and  can  only  be  seen  with  a  good 
light  Nasal  mucus,  from  my  own  observations,  is  represented  in  fig. 
15;  a  a  mucus-corpuscles,  b  b  epithelium  cells;  c  c  the  faintly  granu- 
lar substance. 

According  to  Henle  the  diameter  of  the  mucus-corpuscles  varies 
from  0*003  to  0*007  of  a  line:  according  to  Vogei  from  0  004  of  a  line: 
Gruby^  considers  them  from  2  to  4  times  the  size  of  the  blood  cor- 
puscles. They  are  prolonp;ed,  oval,  or  round,  and  when  obseryed  in 
fresh  mucus  have  a  clear  well-defined  contour,  a  pale  gray  colour,  a 
granular  appearance,  and  sometimes  give  faint  indications  of  one  or 
more  nuclei.  After  remaining  for  some  time  in  water,  the  mucus- 
corpuscles  become  more  or  less  swollen,  paler,  and  more  transparent; 
the  granular  appearance  on  the  external  capsule  disappears,  and  one 
or  more  nuclei  may  be  observed  in  the  interior  of  the  cell.  The 
external  capsule  frequently  becomes  so  colourless  as  to  render  its  de- 
tection difficult 

The  epithelium-cells  appear  under  the  microscope  in  the  form  of 
elliptic  discs;  according  to  Gruby,  the  axis  major  varies  from  001 3 
to  0*0333  of  a  line,  and  the  axis  minor  from  O-OIO  to  0016  of  a  line: 
the  surface  is  frequently  irregular,  wrinkled,  or  plicated.  We  some- 
times find  them  swollen  and  vesicular,  and  sometimes,  but  more 
rarely,  almost  circular  or  elliptic.  The  nucleus  is  of  the  same  pro- 
longed form  as  the  mucus-corpuscle;  it  is  granular  and  rather  darker 
coloured.  If  mucus  is  frequently  observed,  the  transition  of  mucus- 
corpuscles  into  epithelium-cells  may  easily  be  seen.  We  have 
attempted  to  illustrate  this  progressive  change  in  c/,  e,/,  fig  15. 

Chemical  character  of  mucus. 

The  action  of  chemical  reagents  on  the  epithelium-cells  and  mucus- 
corpuscles  may  easily  be  observed  under  the  microscope.  The 
former  are  not  afiected  by  the  addition  of  water  or  of  dilute  acids ; 
they  disappear,  however,  under  the  influence  of  caustic  alkalies  or 
concentrated  acids.  According  to  Gruby,  solutions  of  the  ordinary 
earthy,  and  metallic  salts  effect  no  change  on  the  epithelium-cells. 
The  mucus-corpuscles  are  very  differently  acted  on.  Dilute  acetic, 
oxalic,  and  tartaric  acids  speedily  deprive  the  capsules  of  the  mucus- 
corpuscles  of  their  granular  appearance.  The  corpuscles  themselves 
become  round  and  transparent ;  the  nuclei  become  apparent,  the  cap- 

*  Observationes  Mkroscopice  ad  Morphologiam  Pathologicam.    Vindobone,  p.  15. 
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8u1es  at  length  disappear,  and  the  nuclei  frequently  divide  into 
several  granular  bodies,  so  that  in  place  of  the  mucus-corpuscles 
previously  visible,  there  are  at  last  only  two,  three,  or  more  rounded 
granules  to  be  seen. 

Dilute  mineral  acids  do  not  produce  these  changes  in  the  capsule 
of  the  mucus-corpuscle,  which  remains  unchanged,  as  shown  by  the 
observations  of  Guterbock,  Vogel,  Gruby  and  myself.  Dilute,  as 
well  as  concentrated  solutions  of  the  alkalies  and  their  carbonates  ren- 
der the  capsules  clearer,  and  ultimately  dissolve  them.  The  free  fixed 
alkalies  produce  these  changes  more  rapidly  than  their  carbonates; 
free  ammonia  much  less  rapidly  than  free  potash. 

The  liquid  portion  of  the  mucus  always  exhibits  a  decidedly  alkaline 
reaction:  when  examined  under  the  microscope  it  appears  like  a 
clear  fluid,  in  which,  with  a  very  good  light,  a  faint  granular  appear- 
ance is  perceptible.  On  the  addition  of  a  little  water,  a  decided 
coagulation  may  be  observed,  and  an  extremely  fine  granular  precipi- 
tate is  formed.  Acetic,  and  indeed  any  weak  acid  produces  a  similar 
effect,  but  the  precipitate  is  more  copious,  and  forms  a  grayish  granu- 
lar film,  sufficiently  strong  to  admit  of  traction.  The  free  alkalies 
and  their  carbonates  do  not  precipitate  this  fluid. 

It  is  clear  from  the  preceding  observations  that  mucus  is  composed 
of  two  distinct  parts,  the  cells  and  the  fluid.  The  viscidity  of  the 
secretion  evidently  pertains  to  the  latter,  and  the  ingredient  that 
gives  rise  to  this  property  must  be  contained  in  it  in  a  state  of  solu- 
tion, as  is  obvious  from  microscopic  examination.  There  can,  I  con- 
ceive, be  no  doubt  that  the  principal  constituent  of  the  fluid,  mucin^ 
is  held  in  solution  by  means  of  an  alkali,  since  water  (by  taking  up 
the  alkali)  is  sufficient  to  precipitate  it,  and  the  effect  is  produced  in 
a  much  higher  degree  by  the  addition  of  a  free  acid. 

When  mucus  is  allowed  to  remain  in  contact  with  water,  a  slight 
quantity  of  the  mucin  always  dissolves,  probably  through  the  aid  of 
a  free  alkali;  hence  it  is  that  the  water  in  which  the  sputa,  during 
catarrhal  affections,  arc  allowed  to  float,  always  becomes  slightly 
turbid  on  the  addition  of  acetic  acid. 

In  addition  to  the  mucin,  the  fluid  portion  of  the  mucus  also  con- 
tains a  small  quantity  of  extractive  matters  and  salts,  (especially  lac- 
tate of  soda  and  chloride  of  sodium,)  and  either  no  albumen,  or  at 
any  rale  a  mere  trace.  The  contents  of  the  mucus-corpuscles  are 
not  accurately  known;  in  all  probability  they  contain  a  fluid  in  ad- 

*  [Simon  obflcrved  the  great  simUarity  lietwcen  mucin  and  pyin;  the  researches  of  Eichholtx 
80em  to  show  that  these  substances  arc  identical  The  substance  described  by  Eidiholtz  as 
pyin  dif&rs  from  tlie  protein-compounds  in  being  precipitated  from  an  alkaline  solutiaD  fay  an 
aqueous  solution  of  iodine  and  by  distilled  water.  A  considerate  exocas  of  water  disaolves  a 
slight  portion  of  it  Dilute  mineral  acids,  when  carefully  added,  precqiitate  it,  bat  when  in 
sli^t  excels,  immediately  re-dissolvc  it;  moreover,  ibrrocyanide  of  potassium  causes  no  pre- 
cipitate in  a  clear  acid  solution,  but  a  turbidity  is  produced  by  the  same  substances  that  throw 
it  down  from  its  alkaline  solutions.  Acetic,  tartaric,  and  oxalic  acids  precipitate,  but  do  not 
redissolve  it,  and  a  solution  of  alum,  gradually  added,  produces  a  precipitate  msoluUe  in  an  ex- 
cess of  the  test.  On  evaporating  an  alkahne  solution  of  mucin  on  the  water-bath,  it  becomes 
covered  with  a  fibn  of  coagulated  mucin  which  is  difficult  of  solution  in  water.] 
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dition  to  their  nuclei.  The  fat  that  occurs  in  mucus  is  probably  con- 
tained in  the  corpuscles,  for  no  fat-vesicles  are  generally  observed  in 
fresh  mucus,  but  after  the  solution  of  the  corpuscles  by  the  addition 
of  acetic  acid,  a  few  fat-vesicles  make  their  appearance ;  indeed  in 
some  of  my  observations,  the  nuclei  of  the  mucus-corpuscles,  have 
seemed  to  lose  their  dark  granular  appearance,  and,  after  a  time,  to 
become  clear  and  like  minute  fat-vesicles.  The  nuclei  of  the  mucus* 
corpuscles  do  not  appear  to  undergo  this  change  invariably;  there  are 
probably  different  stages  of  development,  and  on  the  assumption  that 
the  nuclei  of  the  least-developed  corpuscles  are  composed  of  fat,  the 
relative  increase  of  fat  will  clearly  correspond  with  the  amount  of 
mucus  that  is  secreted. 

It  follows,  from  the  preceding  observations,  that  mucus  contains 
the  following  constituents :  mucus-corpuscles,  epithelium  cells,  mucin^ 
small  quantities  of  extractive  matters  and  fat,  chlorides  of  sodium 
and  potassium,  alkaline  lactates,  a  little  carbonate  of  soda  and  phos- 
phate of  lime,  and  sometimes  a  minute  quantity  of  albumen.  la 
order  to  separate  these  constituents  I  adopt  the  following  course. 

A  known  weight  of  mucus  must  be  washed  with  distilled  water 
and  evaporated  to  dryness  on  the  water-bath.  The  residue  must  be 
finely  triturated  and  repeatedly  extracted  with  boiling  ether  in  order 
to  remove  the  fat;  it  must  then  be  boiled  in  spirit  of  0*91  as  long  as 
any  additional  matter  is  dissolved.  The  spirituous  solution  must  be 
evaporated  to  a  small  syrupy  residue,  and  alcohol  of  0*85  added,  in 
order  to  precipitate  any  dissolved  mucin,  caseous  matter,  water-ex- 
tract and  pyin:  the  alcoholic  solution,  containing  the  alcohol-extract 
and  lactates  is  also  to  be  evaporated.  The  portion  undissolved  by 
boiling  spirit  of  0.91,  consists  of  mucin  with  cells,  and  traces  of  al- 
bumen, if  the  previous  qualitative  investigation  has  shown  that  this 
substance  is  present 

In  order  to  determine  the  salts,  a  portion  of  the  dried  residue  must 
be  submitted  to  incineration.  It  is  difficult  to  obtain  a  white  ash  in 
consequence  of  the  fusion  of  the  salts.  The  chlorides  may  be  extract- 
ed with  spirit;  the  residue  must  be  then  treated  with  acetic  acid,  in 
order  to  convert  the  carbonates,  which  have  arisen  from  the  incinera- 
tion of  the  alkaline  lactates,  into  acetates,  which  may  be  extracted 
with  alcohol.  Any  thin^  that  still  remains,  is  composed  of  phosphates 
and  perhaps  sulphates,  in  very  minute  quantity,  together  with  traces 
of  iron  and  silica. 

I  have  analyzed  mucus  both  from  the  nose  and  lungs,  during  pulmo- 
nary catarrh,  but  as  I  cannot  regard  these  cases  as  illustrations  of  nor- 
mal mucus,  I  shall  defer  their  consideration  for  the  present.  From 
an  analysis  of  nasal  mucus,  made  by  Berzelius,  it  appears  that  there 
are  in  1000  parts: 

Water        ...  -  933*7 

Muan        .  -  .  >  b3r3 

Alcohol-extract  and  alkaline  lactates  -  3-0 

Chlorides  of  aodium  and  poCaanum  -  5*6 

Waler-eztnictwhh  traces  of  albiinien  and  ijhaiphatM     3^ 
Soda,  oomfained  with  mucns       -  •  3^ 
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CoDsequently,  Berzelius  found  no  fat,  but  he  detected  traces  of  al- 
bumen. 

The  foregoing  remarks  refer  especially  to  the  mucus  of  the  nos- 
trils and  lungs,  but  as  the  physico-chemical  properties  of  all  sorts  of 
mucus  are  not  quite  the  same,  I  shall  briefly  communicate  my  own 
observations  and  those  of  Berzelius  on  the  different  varieties  of 
mucus. 

1.  Nasal /nucus. 

Nasal  mucus  generally  occurs  as  a  gelatinous  or  fibrous,  and  nearly 
transparent  mass ;  after  complete  evaporation  it  remains  in  the  basio 
as  a  yellow,  and  tolerably  transparent  coating.  It  contains  epithe- 
lium-cells and  a  few  mucus-corpuscles,  is  not  soluble  in  water,  but  if 
it  remains  in  contact  with  that  fluid  for  a  considerable  time  it  yields 
some  mucin,  in  consequence  of  which  the  addition  of  acetic  acid  to 
the  water  produces  a  very  slight  turbidity.  When  water  containinc 
mucus  is  submitted  to  filtration,  the  latter  remains  on  the  filter  and 
gradually  solidifies.  Berzelius  has  observed  that  it  may  be  dried 
and  again  diffused  through  water  repeatedly,  without  changing  its 
properties;  it  ultimately,  however,  becomes  opaque,  yellow,  and 
apparently  purulent.  When  boiled  with  water  it  does  not  shrivel 
and  harden,  but  only  slightly  contracts,  and  may  be  diffused  by 
shaking.  On  cooling,  it  again  becomes  tenacious  and  viscid.  By 
dry  distillation  of  evaporated  mucus  we  obtain  carbonate  of  ammonia 
and  Dippel's  oil.  Mucus  dissolves  in  dilute  sulphuric  acid ;  in  the 
concentrated  acid  it  becomes  dark-coloured  and  is  decomposed. 
Dilute  nitric  acid  causes  a  superficial  coagulation;  acetic  acid  induces 
a  degree  of  contraction,  and  the  mucus  does  not  dissolve  in  it  at  a 
boiling  heat.  On  the  addition  of  caustic  alkalies,  it,  at  first,  becomes 
tough  and  thick,  but  subsequently  dissolves  into  a  thin  fluid. 

[2.  Bronchial  and  pulmonary  mucus. 

These  are  very  similar  to  nasal  mucus.  They  separate  into  clear 
and  gelatinous,  or  else  into  gray  or  yellowish  flocculi,  which  remain 
suspended  in  water  for  some  time,  but  ultimately  sink  to  the  bottom. 

[Nasse*  has  analyzed  pulmonary  mucus  expectorated  in  the  morn- 
ing by  a  healthy  man.  Analysis  No.  1  refers  to  the  mucus  itself,  and 
No.  2  to  the  solid  residue. 


1. 

S. 

Water 

•                      • 

965-520 

Solid  coiurtituenii 

•                      • 

44*480 

Mudn,  with  a  little  albumen 

23-754 

53-405 

Water-extract 

8-006 

18K)00 

Alcohol  extract 

1-810 

4070 

Fat            -           - 

2-887 

2-490 

Chloride  of  sodium 

5-825 

13<K>5 

Sulpliate  of  soda     - 

0-400 

0-880 

Journal  fijr  praktische  Cbemie,  vol  9,  p.  59. 
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0196 

0465 

m 

O080 

O180 

1060  of  iron 

0974 

2-190 

m 

0^291 

0655 

m 

0255 

O570] 
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Cifbooate  of  floda 
Fhonphafeofioda 
PhoiphBte  of  poCadi,  with  tra 
Caibonate  of  potash 
Silica,  and  sulphate  of  potash 

3.  Mucus  from  the  intestinal  canal. 

When  evacuated  with  watery  motions  after  the  administration  of 
a  purgative,  I  found  it  occurring  in  yellow  gelatinous  masses,  which, 
on  being  examined  with  the  microscope,  were  observed  to  contain  a 
large  quantity  of  mucus-corpuscles.  Berzelius  found  that  the  mucus 
discharged  with  the  faeces  becomes  hard  and  black  on  drying;  if  it 
18  then  placed  in  water  it  becomes  softer,  and  if  the  water  contains 
any  free  alkali  it  again  becomes  viscid.  It  is  thoroughly  soluble  in 
caustic  potash,  and  it  may  be  precipitated  from  its  alkaline  solution 
by  the  addition  of  any  acid.  According  to  Gmelin,^  the  mucus  from 
the  small  intestines  of  dogs  and  horses  appears,  after  being  washed 
in  cold  water,  in  the  form  of  white  shreds  or  flocculi.  Dilute  acids 
increase  its  coagulation,  but  concentrated  acetic  acid  dissolves  the 
greater  part  It  also  dissolves  in  the  alkalies,  from  which  it  may  be 
precipitated  by  an  acid. 

4.  Mucus  from  the  gall-bladder. 

When  bile  is  submitted  to  filtration  a  certain  quantity  of  mucus 
which  is  suspended  in  the  bile  is  detained  on  the  filter,  while  another 
portion  chemically  combined  with  an  alkali  passes  through  in  a  state 
of  solution,  and  may  be  precipitated  by  an  acid :  the  latter  has,  how- 
ever, lost  the  characteristic  viscidity  of  mucus.  If  the  acid  be  re* 
moved  by  means  of  an  alkaline  carbonate,  the  mass  does  not  become 
viscid;  if,  however,  instead  of  a  carbonate,  a  caustic  alkali  is  em- 
ployed, the  viscidity  is  restored.  If  the  mucus  of  the  gall-bladder 
18  precipitated  by  alcohol,  the  viscidity  disappears,  it  is  restored,  how- 
ever, by  being  washed  in  water.  W  hen  dried,  it  becomes  transpa- 
rent and  yellow ;  on  the  addition  of  water  it  swells,  and  is  rendered 
opaque,  but  not  viscid. 

Mucus  from  the  urinary  bladder. 

Vesical  mucus  is  always  present  in  the  urine,  but  only  in  very 
small  quantity  in  the  normal  secretion.  In  recently  discharfi;ed 
urine  it  cannot  be  detected  with  the  naked  eye,  but  after  the  fluid 
has  stood  for  some  time,  there  are  formed  light,  often  hardly  percep- 
tible nebulae  of  sinking  mucus,  in  which  the  microscope  reveals  mu- 
cus-corpuscles and  epithelium  cells.  On  filtration  the  mucus  remains 
on  the  paper  in  the  form  of  colourless  flocculi;  it  contracts  and  ulti- 
mately forms  a  glistening  varnish-like  coating,  which  does  not  re- 
sume its  former  appearance  on  being  moistened  with  water. 

1  Hamlbuch  der  theoretiflcben  Cbemie,  ^  ii  p^  1118. 
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According  to  Berzelius  it  is  insoluble  in  sulphuric  acidy  but  the 
greater  part  of  it  dissolves  in  acetic  and  hydrochloric  acids:  ferrocy- 
anide  of  potassium  throws  down  a  precipitate  from  these  solutions.^ 

Morbid  Mucus. 

It  is  well  known  that  any  irritation  will  increase  the  secretion  of 
mucus  in  an  extraordinary  degree;  this  is  seen  in  the  secretion  of  the 
mucous  membrane  of  the  nostrils  and  lungs  during  a  common  cold 
or  catarrh.  The  mucus  is  then  materially  changed;  at  the  com- 
mencement of  the  attack  it  is  generally  thinner  than  usual;  but,  to- 
wards the  termination,  it  becomes  thicker;  the  epithelium  cells  dimi- 
nish, while  the  mucus-corpuscles  increase  in  number;  the  reaction 
continues  alkaline;  in  fact,  m  most  cases  it  is  more  strongly  so  than 
in  the  normal  state;  the  fat  is  increased,  and  always  contains  chole»- 
terin;  and  at  the  same  time  there  is  an  excess  of  albumen. 

Gruby  found  that  mucus  secreted  by  the  nasal  mucous  membrane 
during  a  state  of  irritation  of  that  surface,  was  white,  of  the  consis* 
tence  of  the  white  of  eggs,  and  had  a  saline  taste.  When  examined 
with  the  microscope,  there  were  only  a  few  epithelium  cells  and  mu- 
cus corpuscles  to  be  seen. 

I  have  analyzed  nasal  mucus  which  accumulated  in  the  upper  part 
of  the  nose  of  a  man  aged  thirty  years;  it  generally  came  away  in 
the  form  of  thick,  tough,  yellow  lumps,  about  the  size  of  an  ordinary 
bean,  or,  if  it  had  only  been  retained  in  the  nostril  for  a  shorter  pe- 
riod, it  was  obtained  as  an  extremely  copious,  tough,  yellow  fluid;  it 
was  invariably  discharged  from  only  one  nostril.  This  mucus  was 
devoid  of  odour,  had  an  alkaline  reaction,  and\  being  moistened  with 
water;  (in  which  it  sank,)  it  exhibited  an  extraordinarily  large  quan- 
tity of  epithelium-cells,  and  a  few  mucus-corpuscles,  connected  by  a 
pretty  thick  membrane  of  coagulated  mucin.  When  the  mucus  was 
gently  dried  and  pressed  between  the  fingers,  they  presented  the 
same  glistening  appearance  as  if  they  had  been  pressing  fat;  no  fat 
could,  however,  be  distinctly  recognised  by  the  microscope  in  con- 
sequence of  the  dense  strata  of  membrane  and  mucus-corpuscles.  In 
1000  parts  of  this  mucus  there  were  contained : 

Analyiii  88. 

Water                  ....  68(H) 

Solid  conatitaents                     -     .             •                  •  120O 

Fat,  containing  cholcsterin                        •  •                •  60 

Caaeoiui  matter,  withjpyin  or  mucin  in  solution            -  13^ 

Extractive  matteni,  with  lactates  and  chloride  of  sodium  ISO 

Albumen,  ceUs^  and  coagulated  mucin   .    -                  -  84*0 

Gruby  found  that  the  mucus  secreted  during  catarrhal  affections 

1  [We  have  at  present  analyses  of  only  three  varieties  of  mucus,  viz.  the  mucus  of  die  ovi- 
duct of  frogs,  the  mucus  of  the  cesophagua  of  the  peculiar  epedes  of  swallows  which  boUd  edible 
nests,  and  the  mucus  of  the  gall  bladder.  The  results  differ  so  mudi  that  either  animal  mucus 
is  a  variable  mixture  of  heterogeneous  substances,  or  that  difieient  substances  at  present  bear 
the  name  of  muaa  in  common.  The  analyses  are  quoted  in  Mulder's  Chemistiy  of  Vegeta- 
ble and  animal  Physiology,  p.  240,  Englidi  trandation.  ] 
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(slight  inflammation)  of  the  mucous  membrane  of  the  nose,  conjunc- 
tiva, fauces,  larynx,  bronchi,  ureters,  vagina,  and  intestinal  canal  is 
thicker  than  the  mucus  secreted  during  mere  irritation  of  those  mem- 
branes; it  was  thick,  tough,  lubricous,  of  a  yellowish  white  colour, 
and,  as  it  gradually  dried,  it  formed  a  grayish-yellow  elastic  mass. 
It  sank  in  water,  unless  air-bubbles  were  entangled  in  it,  and  exhi- 
bited no  change  for  a  considerable  time,  but  ultimately  became 
whiter.  With  the  aid  of  the  microscope,  Gruby  observed,  1st,  a 
white  amorphous  mass,  not  acted  on  by  water  (coagulated  mucin,) 
and  2d,  round  yellowish-white  globules,  whose  number  seemed  in  a 
direct  ratio  with  the  intensity  of  the  yellow  colour  of  the  mucus. 
These  cells  which  were  observed  in  the  mucus  of  the  larynx,  had 
eight  times  the  diameter  of  the  blood -corpuscles,  were  intimately 
connected  with  the  amorphous  white  mass,  and  consisted  of  a  very 
delicate  transparent  capsule,  that  was  easily  ruptured,  of  an  inner 
round  cell  with  a  nucleus  twice  as  large  as  a  blood-corpuscle,  and 
very  many  small  vesicles  one  sixth  the  diameter  of  the  blood-corpus- 
cles, some  of  which  were  transparent  and  some  opaque.  The  large 
vesicles  sometimes  contained  two  inner  central  cells. 

I  have  also  frequently  observed  these  large  cells  (which  strongly 
resemble  the  full  primary  cells  described  and  figured  by  Henle,*)  in 
the  gray  or  yellow-streaked  gelatinous  mucous  flocculi  which  are  ex- 
pectorated during  a  slight  catarrh  of  the  trachea  and  bronchi,  as  well 
as  in  the  thick,  tough,  yellow  nasal  mucus  that  is  secreted  during  a 
cold.  I  have  represented  this  bronchial  mucus  in  fig.  1 6,  in  which 
a  a  represent  the  large  cells.  Other  observers  have  detected  these 
cells  in  tubercular  matter;  it  is  clear,  however,  that  they  occur  in 
diseased  mucus,  and  are  not  to  be  regarded  as  diagnostic  of  tu- 
bercle. 

Gruby  found  that  the  mucus  in  ophthalmoblennorrhoea,  and  in  the 
uterine  and  vaginal  discharges  of  some  women  after  their  confinement, 
is  of  a  deep  yellow  colour,  thready  and  opaque;  it  sinks  in  water  and 
forms  flocculi,  which,  on  being  stirred,  discolour  the  fluid;  but  after 
remaining  in  the  water  for  some  time,  they  lose  their  power  of  com- 
municating their  colour  to  a  fresh  supply  of  clear  water.  This  mucus, 
when  dried,  forms  a  yellow,  transparent,  brittle  mass,  which  con- 
tinues to  burn,  when  lighted.  Under  the  microscope,  a  white  amor- 
phous mass,  insoluble  in  water,  is  observed,  together  with  a  large 
number  of  yellow  vesicles  of  the  form  and  nature  of  those  previously 
described,  some  with,  and  others  without  a  central  cell.  These  ve- 
sicles swell  in  water,  the  capsule  bursts,  the  enclosed  molecules 
escape,  and  either  become  scattered  or  else  accumulate  round  the  un- 
changed internal  cell,  and  often  exhibit  for  some  time  the  phenome- 
na of  molecular  motion.  Only  a  few  epithelium-cells  are  observable; 
those  that  are  present,  are  full,  round,  and  often  closely  resemble  the 
large  mucus-vesicles.     1  have  likewise  observed  tliese  epithelium- 

^  Ueber  Sclilcim  und  Elterbildung  u.  s.  w.  fig.  14. 
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cells,  which  I  regard  as  characteristic  of  a  lower  stage  of  develop- 
ment in  nasal  mucus.     (See  fig.  14,  dy  Cjf.) 

The  mucus  secreted  in  chronic  blennorrhoea  of  the  vagina  and 
bladder  is,  according  to  Gruby,  of  a  yellowish  white  colour,  and 
slightly  thready.  It  quickly  renders  water  turbid,  and  deposits 
white  flocks  at  the  bottom  of  the  vessel :  in  other  respects  it  resem- 
bles the  former  varieties  of  mucus.  Under  the  microscope  we 
observe  a  small  number  of  yellowish  white  vesicles,  some  with  a 
capsule,  granular  contents,  and  a  central  cell,  some  with  merely  a 
capsule  and  a  central  cell,  and  some  that  are  composed  of  an  aggre- 
gation of  granules,  without  any  capsule  whatever. 

Gruby  found  that  the  lochial  discharge,^  a  short  time  after  deli- 
very is  of  the  colour  of  blood,  is  possessed  of  an  animal  odour,  is 
only  slightly  thready,  and  when  dried  leaves  a  red  pulverizable 
mass;  it  consists  of  ha&mato-globulin,  fibrin,  (probably  also  albumen,) 
and  vaginal  mucus:  under  the  microscope  we  observe  an  amorphous 
thready  mass,  blood-corpuscles,  mucus-vesicles  with  capsules  and 
aggregated  granular  molecules,  and  finally  epithelium-cells.  Very 
shortly  before  delivery  we  can  observe  nothing  in  the  vaginal  mucus 
beyond  the  true  mucus-corpuscles  (fig.  14,  a,)  and  epithelium-cells; 
but  very  soon  after  delivery  the  large  mucus-vesicles,  with  granular 
contents  (molecular  granules)  and  delicate  capsules,  make 'their  ap- 
pearance. Fig.  16,  a,  exhibits  these  cells,  and  is  copied  from  the 
plate  in  Gruby 's  work.  On  the  second  day  after  delivery  vesicles 
with  a  central  cell  (fig.  16,  b)  are  visible,  the  mucus  becomes  less 
dense,  the  blood  corpuscles  diminish,  and  the  large  mucus-vesicles 
increase  in  number.  On  the  third  day  the  reddish  lochial  discharge 
contains  yellow  vesicles  with  granular  contents  and  central  celk. 
On  nie  fourth  day  the  discharge  is  considerably  less  red,  and  con- 
tains white  stringy  flocculi.  On  the  fifth  day  the  mucus  contains 
grayish  white,  viscid  flocculi,  together  with  white  vesicles,  eight  or 
ten  times  the  size  of  blood-corpuscles,  which  contain  only  a  few,  and, 
in  some  cases,  no  granular  molecules;  these  are  represented  in  fig. 
16,  c,  d.  Between  the  sixth  and  tenth  days  the  lochial  discharge 
becomes  white,  and  contains  white  round  vesicles,  with  finely  m- 
nular  contents,  but  devoid  of  a  central  cell,  or  the  larger  molecules. 
(Fig.  16,  «,/,^.) 

Gruby  has  shown  that  the  mucus  discharged  by  stool  at  the  com- 
mencement of  dysentery  is  clear  and  stringy,  and  scarcely  different 
from  the  mucus  secreted  in  simple  diarrhoea;  but  as  the  disease  be- 
comes more  severe,  there  is  a  secretion  of  thick  red  mucus,  consisting 
of  blood-  and  mucus-corpuscles,  resembling  the  ordinary  secretion  of 
inflamed  mucous  membranes. 

I  have  observed  that  the  mucus  secreted  during  inflammatory  af- 
fections of  the  mucous  membrane  of  the  respiratory  organs  is  thick, 
rounded  in  form,  of  a  white  or  pale  yellow  colour,  and  floats  on 
water.    These  clots  of  mucus  remain  unbroken  for  a  considerable 

>  Scbezer's  obflervBtions  on  this  subject  have  been  already  given;  see  p.  S76. 
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time,  but  ultimately  break  up,  and  sink  to  the  bottom:  they  then 
spread  out  into  long  tough  fibres,  which,  when  observed  with  the 
naked  eye,  have  a  uniform  non-granular  appearance:  they  possess  a 
certain  degree  of  coniristency,  and  feel  slippery,  in  consequence  of 
the  mucin  which  connects  the  mucus-corpuscles;  they  are  conse- 
quently not  very  easily  fixed  and  broken  up  by  pressure  against  the 
sides  of  the  vessel  with  a  glass  rod.  When  examined  with  the  mi- 
croscope, the  white  masses  of  mucus  are  found  to  consist  of  a  large 
number  of  mucus-corpuscles,  and  a  few  epithelium-scales,  connected 
by  a  delicate  granular  membrane  of  coagulated  mucin:  the  yellow 
clots  contain,  in  proportion  to  the  intensity  of  their  colour,  a  greater 
or  smaller  quantity  of  the  large  cells  with  granular  contents,  (ng.  I69 
a  Oy)  in  some  of  which  a  central  cell  is  visible,  while  in  others  no 
cell  can  be  seen.  The  fluid  in  which  the  thick  clots  of  mucus  are 
swimming  is  slightly  clouded  by  acetic  acid,  but  rendered  very  tur- 
bid by  nitric  acid :  on  the  application  of  heat,  it  becomes  white  and 
opalescent;  and  infusion  of  ^alls,  and  basic  acetate  of  lead  yield  tole* 
rably  copious  flocculent  precipitates;  there  is,  consequently,  a  greater 
quantity  of  dissolved  mucin  and  albumen  present  than  the  water 
would  have  extracted  from  healthy  mucus.  A  quantitative  analysis 
of  these  floating  clots,  after  being  well  washed  in  distilled  water, 
gave  the  following  results. 
The  numbers  are  calculated  for  1000  parts; 


Water 

Solid  constituents 

Fat  with  traces  of  cholealerin 


8pirit«xtract,  with  hctatas  and  chloride  of  sodium  1 1*09 

Alcohol-extract  ... 


Cells,  muchii  and  a  little  aSramen 


Anal]rsli89. 
941-75 
58<S 
5*01 


&0S 
34-8U 


In  a  case  of  severe  bronchitis  that  recently  occurred  in  Schdnlein's 
dinicai  wards,  the  patient  expectorated  purulent  mucus,  which,  when 

S laced  in  water,  assumed  a  delicate  arborescent  form,  the  ultimate 
brils  floating  on  the  water  when  the  slightest  motion  was  commu- 
nicated to  the  vessel.  When  placed  in  acetic  acid,  it  swelled  and 
became  converted  into  a  transparent  jelly,  and  after  long  digestion 
almost  entirely  dissolved;  the  solution  being  precipitable  by  ferro- 
cyanide  of  potassium.  Under  the  microscope  the  fibrils  resembled 
coagulated  fibrin,  and  there  can  be  no  doubt  that  plastic  lymph  was 
exuded  as  a  consequence  of  the  bronchitis,  and  expectorated  in  a 
coagulated  form.  [Observations  on  the  sputa  in  bronchitis  and 
pneumonia  may  be  found  in  Scherer's  <  Untersuchungen,'  pp.  93-97.] 
Gruby  states  that  the  sputa  expectorated  during  the  ordinary  in- 
flammatory afiections  of  the  mucous  membrane  of  the  respiratory 
organs,  are,  at  the  commencement  of  a  catarrh,  white,  transparent, 
and  mixed  with  gray  flocculi ;  under  the  microscope  they  are  seen 
to  contain  a  few  round  vesicles  with  granular  contents,  and  numerous 
epithelium-cells,  swimming  in  a  transparent  fluid.  As  the  catarrh 
gets  worse,  the  gray  flocculi  increase^  and  become  more  of  a  yellow 
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colour,  and  the  amount  of  transparent  mucus  decreases;  the  coloured 
flocculi  contain  numerous  cells  with  granular  contents  (molecular 
granules)  and  a  central  cell,  which  are  all  connected  together  by  very 
tough  mucus.  As  the  inflammation  decreases  the  amount  of  this 
globular  sputa  diminishes^  and  it  assumes  a  whiter  colour. 

Purulent  Mucus, 

If  the  mucous  membranes  or  the  tissues  immediately  beneath  them 
pass  into  a  state  of  suppuration,  pus  becomes  mixed  with  the  secreted 
mucus:  in  this  manner  the  mucus  of  the  lungs,  bladder,  intestinal 
canal,  generative  organs,  &c.  may  contain  pus.  When  tubercles  form 
in  the  lungs,  they  produce,  like  any  other  foreign  body,  a  degree  of 
irritation  in  the  surrounding  tissue,  and  an  increased  degree  of  mucus 
is  the  result  Gruby's  observation  that  the  mucus  discharged  during 
irritation  of  the  mucous  membrane,  dependent  on  the  deposition  oi 
tubercle,  does  not  differ  from  the  mucus  produced  during  catarrhal 
affections,  is  confirmed  by  Hetterschig^  and  other  observers;  the  se- 
cretion of  mucus  at  the  commencement  of  a  catarrh  is,  however^ 
more  abundant  than  that  which  is  produced  by  the  irritation  of 
existing  tubercles. 

The  quantity  of  expectoration  increases  with  the  more  extended 
deposition  of  tubercle,  until  softening  commences;  the  tubercular 
matter  is  then  expectorated,  and,  in  consequence  of  the  inflammation 
that  occurs,  pus  is  secreted  by  the  walls  of  the  cavity  thus  produced^ 
and  in  this  manner  gets  mixed  with  the  sputa. 

The  purulent  expectoration  of  persons  with  tubercular  phthisis  is 
easily  distinguished  by  the  experienced  practitioner  from  healthy 
sputsT,'  and  with  tolerable  certainty  from  diseased  mucus,  nor  can 
there  be  any  doubt  regarding  its  nature  while  tubercular  matter  is 
being  discharged  from  a  vomica,  but  the  transition  from  diseased  into 
healthy  purulent  mucus  is  so  slight  and  imperceptible,  that  it  is 
hardly  possible  to  detect  the  first  traces  of  pus  that  are  mingled 
with  the  mucus;  for  although,  as  I  shall  presently  show,  their  gene- 
ral physical  and  chemical  relations  are  perfectly  sufiicient  to  distin- 
guish pure  pus  from  pure  mucus,  we  have  no  means  of  determining 
with  certainty  the  presence  of  a  little  pus  in  mucus,  or  the  presence 
of  a  little  mucus  in  pus. 

Purulent  mucus  from  the  lungs  contains  much  less  mucin  than 
normal  or  diseased  mucus,^  and  consequently  the  mucous  clots  have 
not  the  toughness,  lubricity,  and  consistence  observed  in  mucus,  un- 
mixed with  pus:  in  fact  they  have  a  decided  tendency  to  dissolve 
Purulent  mucus  sinks  more  quickly  in  water  than  the  normal  secre- 
tion, partly  in  consequence  of  the  fewer  air-bubbles  that  are  enclosed, 

*    ^  Dc  Inflammatione  ejusque  exitu  divercKX    Trajecti  a.  R.  1841,  p.  176. 

>  [Dr.  Wright*8  papers  on  Expectoration  (recently  publiahed  in  the  Medical  Timee)  may  be 
oonaulted  with  advantage.] 

8  [This  is  perfectly  consistent  with  the  observation  of  Eichholtz,  that  the  pyin  (or  mucin) 
varies  inversely  with  the  pus-ooipusdte] 
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(on  account  of  slighter  tenacity  of  the  fluid  medium  of  communica- 
tion, and  the  comparative  facility  with  which  they  escape,)  and  partly 
in  consequence  of  the  greater  amount  of  albumen  in  the  fluid,  and  its 
higher  specific  gravity.  If  the  secretion  is  composed  of  nearly  equal 
parts  of  mucus  and  pus,  it  sinks  rapidly  to  the  bottom,  and  forms 
small  definite  tough  clots:  the  masses  may  easily  be  broken  up  by 
means  of  a  glass  rod,  and  can  often  be  separated  by  mere  shaking: 
they  have  not  so  uniform  an  appearance  as  the  healthy  or  morbid 
clots  of  mucus  which  float  on  water,  but  to  the  naked  eye  they 
appear  finely  granulated  or  gritty,  since,  in  consequence  of  the  de- 
ficiency of  the  connecting  medium — the  mucin,  the  cells  of  the  se- 
cretion are  not  so  closely  associated. 

When  there  is  only  a  small  amount  x)f  pus  in  the  globular  sputa 
during  phthisis,  it  separates  from  the  mucus  on  being  placed  in 
water;  the  pus  at  once  sinks,  and  while  the  mucus  is  still  floating  on 
the  surface  we  may  observe  long  dependent  viscid  fibres,  at  the  ex- 
tremities of  which,  white  or  yellowish  granular  particles  of  pus  may 
be  noticed. 

Phthisical  sputa  deposit  a  whitish  granular  sediment  at  the  bottom 
of  the  vessel,  while  masses  of  mucus  are  still  floating  on  the  surface 
of  the  water.  A  microscopic  examination  of  the  sediment  shows 
that  it  consists  of  cells,  which  closely  resemble  mucus-cells,  especially 
when  they  have  been  in  the  water  for  any  time:  since,  however,  the 
cells  of  purulent  sputa  come  in  contact  with  the  water  more  readily 
in  consequence  of  the  smaller  quantity  of  the  connecting  medium, 
mucin,  they  swell  and  become  larger  than  the  mucus-corpuscles, 
after  they  have  been  for  only  a  short  time  in  the  water:  the  capsules 
become  transparent  and  vesicular,  the  granular  appearance  vanishes, 
and  one,  two,  three,  or  even  more  nucleoli,  become  visible:  the  cap- 
sules of  many  of  the  cells  burst,  and  the  nuclei  swim  about  in  a  state 
of  freedom,  in  the  same  manner  as  we  observe  in  mucus  that  has 
been  long  under  water.  A  microscopic  representation  of  these  pus- 
corpuscles  is  given  in  fig.  17.  The  water  in  which  purulent  mucus 
has  been  placed  diflers  materially  from  that  in  which  normal  or  dis- 
eased mucus  has  been  swimming.  It  is  either  nearly  clear  and  co- 
lourless, or  else  of  a  pale  yellow  tint,  is  viscid,  and  is  slightly  clouded 
by  acetic  acid,  but  is  rendered  white  and  opaque  by  the  addition  of 
nitric  acid:  the  action  of  heat  likewise  renders  it  turbid,  and  coagu- 
lates a  considerable  quantity  of  albumen,  which  separates  in  the  form 
of  floccull. 

Infusion  of  galls  and  basic  acetate  of  lead  cause  dense  precipitates; 
in  fact,  the  addition  of  the  former  sometimes  completely  thickens 
the  fluid. 

The  quantity  of  albumen  is  therefore  much  larger  than  in  simply 
diseased  mucus. 

31* 
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Pus. 


Violent  irritation  of  the  mucous  membrane  may  produce  suppura- 
tion and  cause  a  secretion  of  pus  in  place  of  the  ordinary  mucous 
secretion;  thus  it  appears  that  the  formation  of  pus  is  dependent 
on  the  very  same  process  which,  when  acting  with  less  intensity, 
first  increases  the  secretion  of  mucus,  and  subsequently  renders  it  ab- 
normal. Pus,  however,  also  forms  in  other  and  distinct  parts  of  the 
body,  after  pre-existing  congestion  and  inflammation,  as  for  instance 
in  cellular  tissue,  skin,  muscular  tissue,  &c.,  and  appears  to  difler  both 
in  its  physical  and  chemical  characters  in  accordance  with  the  seat  of 
its  formation  and  the  length  of  time  it  has  remained  in  the  organism. 

Genuine  pus  usually  occurs  as  a  rather  thick  fluid,  viscid,  but 
capable  of  separating  in  drops,  somewhat  like  cream,  of  a  whitbh- 
yellow,  yellow,  or  greenish-yellow  colour,  and  of  a  faint  but  not 
disagreeable  animal  odour.  It  may  be  slightly  acid,  slightly  alkaline, 
or  neutral;  when  mixed  with  water  it  sinks  rapidly  to  the  bottom, 
but  on  stirring,  it  forms  an  emulsive  fluid,  from  which  a  sediment  of 
pus-corpuscles  is  soon  again  deposited. 

When  examined  under  the  microscope,  pus  appears  (like  mucus) 
to  consist  of  a  clear  fluid  in  which  small,  round,  and  occasionally 
oval  corpuscles  are  swimming,  the  quantity  of  which  seems  to  be  in 
a  direct  ratio  with  the  thickness  of  the  pus.  Pus-  and  mucus-cor- 
puscles so  closely  resemble  each  other,  that  no  distinctive  mark, 
founded  either  on  their  form  or  on  their  chemical  relations,  has 
hitherto  been  discovered.  The  size  of  the  corpuscles  is  nearly  the 
same;  in  tough  pus  they  arc  somewhat  smaller,  and  in  thin  watery 
pus,  rather  larger  than  the  mucus-corpuscles:  oval  corpuscles,  which 
may  be  often  seen  in  mucus,  and  are  probably  dependent  on  the  vis- 
cidity of  the  secretion,  are  rarely  found  in  pus. 

In  fresh  pus  the  corpuscles  are  white,  opaque,  and  apparently 
granular;  when  treated  with  water  they  become  rather  larger,  lose, 
in  some  degree,  their  granular  appearance,  and  soon  give  indication 
of  an  internal  nucleus.  With  acetic  acid  they  behave  exactly  in  the 
same  manner  as  mucus-corpuscles;  the  capsule  becomes  transparent 
and  perfectly  clear,  and  the  nuclei  become  visible.  The  minuteness 
of  the  nuclei  depends  on  the  number  that  occur  in  the  pus-corpuscle; 
we  seldom  find  more  than  five,  usually  two  or  three.  With  the  aid 
of  a  good  light  we  may  observe  that  many  of  these  nuclear-cells  pos- 
sess a  capsule  and  nucleolus.  Pus-corpuscles  dissolve  rapidly  in  free 
potash,  and  more  slowly  in  free  ammonia.  Other  reagents  produce 
the  same  efiects  as  on  mucus-corpuscles. 

A  very  small  quantity  of  dissolved  alkali,  such,  for  instance,  as 
occurs  in  the  blood,  seems  to  exert  a  rapid  influence  on  the  form  of 
the  pus-corpuscle;  for  I  have  seen,  in  the  blood  of  persons  who  have 
died  from  phlebitis,  a  large  quantity  of  pus-corpuscles,  (some  isolated, 
and  others  swimming  in  heaps,)  which  were  very  pale,  larger  than 
usual,  and  of  an  irregular  and  tuberculated  outline. 
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The  liquor  puris,  or  fluid  in  which  the  corpuscles  are  swimming, 
is  transparent,  and  usually  of  a  pale  yellow  colour;  it  contains  so 
large  an  amount  of  albumen  in  solution,  that,  on  the  application  of 
heat,  it  becomes  perfectly  white,  and  deposits  innumerable  flocculi 
of  coagulated  albumen.  The  large  amount  of  albumen  associated,^ 
moreover,  with  no  trifling  quantity  of  fat,  distinguishes  the  liquid 
portion  of  pus  from  the  tough  and  consistent  fluid  of  mucus,  and  in- 
dicates the  affinity  between  the  liquor  puris  and  lymph.  The 
fat  is  partly  combined  with  alkalies,  and  free  fat-vesicles  cannot  al- 
ways be  detected.  The  largest  portion  of  the  fat  is  apparently  con- 
tained in  the  pus-corpuscles;  and,  (as  1  have  already  observed  when 
speaking  of  mucus,)  the  nuclei,  if  not  composed  altogether  of  fat,  in 
all  probability  contain  a  very  considerable  proportion  of  that  consti- 
tuent; for,  after  the  addition  of  acetic  acid,  1  have  frequently  ob- 
served a  greater  or  less  number  of  fat-vesicles  in  pus  which  pre- 
viously exhibited  no  traces  of  them.  The  fatty  matter  of  pus  con- 
tains cholesterin,  and,  according  to  the  observations  of  Giiterbock, 
develops  ammonia  while  burning;  hence  the  presence  of  a  nitroge- 
nous fat  may  be  assumed.  The  liquor  puris  is  usually  rendered  tur- 
bid by  acetic  acid;  the  eflect  may  vary  from  an  almost  imperceptible 
cloudiness  to  a  decided  precipitate;  if  the  pus  has  an  acid  reaction,  this 
test  produces  no  change.  There  can  be  no  doubt  that  the  substances 
which  are  precipitated  in  this  manner  from  the  liquid  parts  of  pus 
and  mucus  are  analogou?,  and  that  the  deposit  which  occurs  in  the 
liquor  puris,  after  the  addition  of  acetic  acid,  is  cither  actual  mucin 
held  in  solution  by  an  alkali,  or  a  substance  scarcely  differing  from 

The  fluid  portion  of  pus,  like  that  of  mucus,  contains  extractive 
matters  and  salts;  the  former  occur  in  larger  quantity  in  pus  than  in 
normal  mucus.  According  to  Giiterbock,*  the  salts  consist  of  chlo- 
rides, carbonates  (arising  from  the  decomposition  of  lactates,)  sul- 
phates, and  phosphates;  the  two  latter  doubtless  arise  in  part  from 
the  oxidation  of  phosphorus  and  sulphur  during  the  incineration  of 
the  albumen.  The  bases  are  potash,  soda,  lime,  magnesia,  and  traces 
of  iron.  According  to  Martins,'  the  pus-corpuscles  contain  a  little 
phosphate  of  lime  and  silica;  others  have  placed  the  ammonia-salts 
amongst  the  constituents  of  normal  pus. 

The  liquor  puris  is  strongly  precipitated  by  the  mineral  acids, 
metallic  salts,  and  tannic  acid,  in  consequence  of  its  containing  albu- 
men, mucin,  and  extractive  matter:  after  the  addition  of  a  little  di- 
lute hydrochloric  or  acetic  acid,  it  is  also  precipitated  by  ferrocya- 
nide  of  potassium.  Small  quantities  of  tubercle  occur  in  the  puru- 
lent sputa  of  phthisical  patients,  in  the  form  of  little,  white,  yellow, 
or  brownish-yellow,  irregular,  and  moderately  soft  masses,  varying 
in  dimensions  from  the  size  of  a  grain  of  sand  to  that  of  a  small  hemp- 
seed;  they  are  usually  enclosed  in  mucus,  and  sink  rapidly  in  water. 

1  See  note,  page  350.  '  De  pure  et  grantilatioiie,  pi  18. 

>  Annalen  oer  Phannacie,  vol  24. 
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I  have  never  observed  many  of  these  masses  in  the  sputa ;  on  the 
contrary,  their  occurrence  was  only  very  rarely  noticed,  considering 
the  great  number  of  phthisical  patients  in  the  I3erlin  hospital.  The 
irregular  fragments  of  tubercle  appear  to  the  eye  to  be  of  a  caseous 
nature;  but,  after  being  moistened  with  water,  submitted  to  pressure 
between  two  pieces  of  flat  glass,  and  placed  under  the  microscopCi 
they  seem  to  be  composed  ofan  amorphous,  finely  granular,  opaque, 
yellow  matter,  in  which  there  are  a  var^Mng  number  of  fat-vesicles 
and  some  minute  ramifying  tubuli  or  fibrils,  as  in  fig.  18.  We  some- 
times meet  with  peculiar  forms  in  tubercle,  which,  doubtless,  belong 
to  the  tissue  or  vessels  of  the  lung;  they  have  likewise  been  observed 
by  Gruby,  and  I  have  represented  several  of  them  in  fig.  19. 

Gruby  has  observed  peculiar  corpuscles  in  tubercle  which  I  have 
hitherto  sought  for  in  vain,  both  in  tubercular  lungs  and  in  expecto- 
ration, and  which  he  regards  as  characteristic  of  that  morbid  deposit. 
He  describes  them  as  lenticular,  round,  or  oval,  whitish-yellow  cor- 
puscles, with  concentric  rings,  their  lamellae  being  arranged  in  the 
same  manner  as  those  of  an  onion,  and  their  size  being  from  two  to 
ten  times  as  large  as  a  pus-corpuscle;  they  are  frequently  jagged  at 
the  edges,  dissolve  easily  in  caustic  potash,  and  become  distended 
in  nitric  acid  and  a  solution  of  nitrate  of  silver. 

It  appears  from  the  preceding  observations  that  pus  consists  of 
two  distinct  portions;  namely,  of  a  fluid,  the  liquor  puris;  and  of 
corpuscles  swimming  in  this  fluid  and  insoluble  in  it.  The  corpus- 
cles are  surrounded  by  a  capsule,  which  becomes  tumid  in  w^ater,  is 
soluble  in  free  potash  and  is  reduced  by  ammonia  to  a  thick  viscid 
jelly,  dissolves  on  prolonged  gentle  digestion,  and  is  doubtless  com- 

f)osed  of  mucin.  Of  the  nature  of  the  contents  of  the  corpuscles 
ying  between  the  nucleus  and  the  capsule  we  know  nothing;  the 
nucleus  probably  consists  of  albuminous  matter  and  fat.  The  liquor 
puris  contains  albumen,  fat,  pyin  or  dissolved  mucin,  extractive  mat- 
ter, and  salts.  For  the  quantitative  analysis  of  these  substances  I 
adopted  the  same  method  as  in  the  analysis  of  mucus.    (See  page  351.) 

Giiterbock's  quantitative  analysis  of  pus  was  made  in  the  follow- 
ing manner;  Pus  was  boiled  with  anhydrous  alcohol,  and  filtered 
while  still  hot;  on  cooling,  the  fat  separated.  The  clear  alcoholic 
solution  was  evaporated,  and  the  residue  treated  with  water,  which 
dissolved  the  extractive  matter  and  some  free  acid,  but  left  undis- 
solved the  small  portion  of  fat  that  had  escaped  removal  by  the  alco- 
hol. The  portion  insoluble  in  boiling  anhydrous  alcohol  was  freed 
from  the  spirit  by  gentle  evaporation,  and  treated  with  water  which 
took  up  pyin,  and  some  albumen  probably  combined  with  soda. 
The  insoluble  portion  consisted  of  coagulated  albumen  and  pus-cor- 
puscles: the  salts  were  determined  by  the  incineration  of  a  separate 
quantity  of  pus. 

Normal  pus  has  been  analyzed  by  Giiterbock,  Valentin,*  G.  Bird,^ 

>  Valentin's  Repertorium,  1838,  p.  307. 

2  AnccII's  Coune  of  Lectures  on  the  Phynology  and  Pathology  of  the  Blood,  and  tho  other 
animal  fluida    The  Lancet,  1839-1840,  p.  745. 
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Wood,*  [Von  Bibra,'  and  Wright^]  The  discrepancies  observable 
in  their  results  are  probably  due  in  a  great  measure  to  the  different 
modes  of  analysis  which  they  adopted.  The  pus  analyzed  by  Gtiter- 
bock  was  taken  from  a  mammary  abscess.  That  which  was  analyzed 
by  Valentin  came  from  a  large  abscess  in  a  man's  thigh;  it  was  of  a 
yellow  colour,  neutral,  of  a  balsamic  odour,  and  had  a  specific  gravity 
of  1027.  Wood  analyzed  pus  from  the  hand  of  a  young  man,  and 
from  abscesses  in  the  cheek  and  breast  of  a  woman.  The  analysis 
of  the  mixture  is  given  below.  The  pus  analyzed  by  Golding  Bird 
was  taken  from  a  psoas-abscess,  and  had  a  specific  gravity  of  1040.9. 

Guterbock, 
Water  -  .  -  -  .  861-0 


Solid  ccmstitaents  ... 

Fat,  soluble  onl^  in  hot  alcohol    - 
Fat  and  extractive  matter,  soluble  in  cold  alcohol 
Albumen,  pyin,  and  pua-ooqnudeB 

liOflB  .... 

Valentin, 
Water  .... 

Solid  constituents  ... 

Chofestenn  ... 

Oleate  of  soda,  (dein,  and  chloride  of  potassium 
Steazm  ... 

Coagulated  albumen  and  fibrin    • 
Fluid  albumen  and  chloride  of  sodium 


139K) 

16K) 

43-0 

74-0 

GO 

88378 
11&22 
11-86 
1(H)2 
&85 
79-78 
19-34 


Golding  Bird, 

Water           .....  898*00 

Solid  oGDstituents          -              -              -           -  102O0 

Fat            -               •               •               •           .  5-00 

Water-extract,  with  alkaline  lactates           -           -  8-00 

Albumen    .....  75-75 

Chlorides  of  sodium  and  potaaaum)  with  carbonates  5*75 

Fhoqphatesoflime  and  iron        -               -           -  7-50 

Wood, 

Water           .....  857-15 

Solid  constituents           ....  142-85 

Cholesterin                  •               -               -           •  1-57 

Oleate  of  soda             ....  10^1 

Extractive  matter,  with  chloride  of  sodium  and  other 

salts        .....  8-34 

Albumen    .....  ]9K)9 

Animal  matter,  with  the  properties  of  ptyalin  and  g^utin  16-57 

Fibrous  matter,  with  phoqpnato  of  hme,  peroxide  of 

iron,  and  sulphur    -               •               -           -  86-37 

The  salts  amounted,  according  to  Guterbock,  to  5.7g  of  the  solid 
residue,  namely,  to  5  soluble  in  water,  (consisting,  for  the  most  part, 
of  chloride  of  sodium  with  small  quantities  of  phosphate,  sulphate, 
and  carbonate  of  soda,  chloride  of  potassium,  and  chloride  of  calcium,) 
and  0.7  soluble  only  in  nitric  acid,  and  composed  of  the  phosphates  of 
lime  and  magnesia,  carbonate  of  lime,  and  a  trace  of  peroxide  of 
iron. 

Valentin  estimated  the  salts  at  5.32g  of  the  solid  residue,  of  which 

'  De  puris  naturd  atquc  fonnatione  disq.  phys.    Beriin,  1837,  pi  10. 
'  Unters.  iiber  einige  verschiedcne  Eiterarten.    BeroL  1842. 
•  Medical  Timea^  Jan.  11, 1845. 
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4.7  were  soluble  in  water,  (chloride  of  sodium  with  traces  of  the  sul- 
phates of  potash,  soda,  and  lime,  and  carbonates  of  potash  and  soda,) 
and  0.62  insoluble  in  water,  (phosphates,  sulphate,  and  carbonate  of 
lime.) 

[A  larfl^  number  of  analyses  of  pus  and  purulent  sputa  have  been 
made  by  Von  Bibra.     We  select  the  three  following: 

Pot  ft'om  an  ahfeew  Ditto 

in  tlM  cbeek.  in  Um  ctaett. 

Water           -               -  7G9  852 

AUNUDen  and  poKorMudm  160  91 

Fat               -              -  »4  33 

£ztmctne  matter           •  19  29 

Several  analyses  of  pus  have  been  made  by  Dr.  Wright     The 
three  following  analyses  will  serve  as  specimens: 


Ditto 
inlbeiieck. 

907 

63 

9 

20 


Water 

Fatty  matter 

ChaieateriD    - 

MucuB 

Albumen 

Lactates,  caibonatea,  aolphates  and  ^ 
rhoiyhUni  of  aoda,  potarii,  and  > 
lime  -  -  -J 

Iroo  -  "  - 


Potftoma 
Tomka. 

894*4 

17-6 

&4 

n-2 

68-5 


Puifrona 

abaceai 

88&2 
2&6 


i 


9-7 

atraoCi 
3-3 


6-1 
63-7 

136 
2-7 


Patfroma 
maiy 

8794 
26-5 


83« 
&9 

1-6 


Nasse^  has  published  two  analyses,  one  of  serum  and  pus,  and  the 
other  of  serum  and  blood,  with  the  view  of  comparison.  The  fol- 
lowing are  his  results: 

Serain  of  poi. 
Water  -  -  -  890O0 


Solid  rendue 

Organic  conatituenti 
Cmoride  of  sodium 
Caibonate  of  soda 
Fhotphateof  soda 
Sulphate  of  soda 
Pho^)hato  of  lime 
Caibonate  of  lime 


UO-00 
92-58 
12-00 
2-22 
0-32 
0-18 
1-20  > 
0-905 


SeromofMood. 
906-5 
935 
85-7 
4-6 
1-4 
0-9 
0-2 

0-7 


I  made  an  analysis  of  pus  which  was  discharged  with  the  urine 
by  a  servant-girl  with  phthisis  vesicae:  it  was  rather  tough,  of  a  red- 
dish colour,  in  consequence  of  a  little  blood  that  was  mixed  with  it, 
and  quickly  sunk  to  the  bottom  of  the  vessel,  after  the  urine  had 
been  stirred.  Before  examination,  it  was  washed  with  water  and 
evaporated  to  dryness  on  the  water-bath.  There  were  contained  in 
100  parts: 

AnaljRifl  90. 

Fat  ocntaining  cholefterin                  -                      -  -  &20 

Albumen,  wi&  phosphate  of  Ume        -                      •  •  40-20 

Fvin,  caaein  or  globulin,  and  some  extractive  matter  -  -  17-00 

Hcmatin,  urea,  akohol-extract,  and  lactate  of  soda     -  -  10-60 

Spirit-extract,  with  chloride  of  sodium,  lactates,  and  phosphates  •  1-30 

Water-extract,  with  phoi^ihates  and  sulphates            -  -  13-80 


1  Simon's  BeitriLge,  p.  33a 
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Pus  secreted  by  the  synovial  membrane  of  the  knee-joint  is  com- 
posedy  according  to  Wood/  of  water,  888'1 ;  cholesterin,  4*0;  oleate 
of  soda  with  soda,  and  potash-salts,  22*4;  animal  matter  and  chloride 
of  sodium,  30*2;  a  substance  resembling  glutin,  15-2;  albumen,  40*1. 
Martius^  analyzed  a  purulent  fluid  obtained  from  a  patient  with  em- 
pyema, from  whom  153  ounces  of  matter  were  evacuated.  It  was 
tolerably  thick,  of  a  dirty  greenish-gray  colour,  devoid  of  odour,  and 
had  a  slightly  acid  reaction:  when  heated  it  swelled  very  much;  it 
sunk  to  the  bottom  in  water,  but  on  agitation  the  two  fluids  mixed. 
On  boiling  it,  some  floccules  separated  themselves,  but  no  coagulation 
took  place ;  the  fluid,  after  filtration,  was  of  the  colour  of  sherry,  and 
had  a  specific  gravity  of  1111*5.^  The  principal  constituents  were 
water,  fat,  albumen,  extractive  matter,  glutin,  potash,  soda,  mag- 
nesia, lime,  ammonia,  phosphoric,  hydrochloric,  and  lactic  acids. 
Koch^  analyzed  pus  with  very  similar  results:  it  is  not  stated  from 
whence  the  pus  was  obtained;  it  consisted  of  water,  albumen,  extrac- 
tive matter,  mucus,  and  pus-corpuscles.  In  addition  to  the  salts 
found  by  Martins,  Koch  detected  carbonates  and  sulphates,  resulting 
from  the  action  of  heat  on  lactic  acid  and  sulphur  during  incineration. 

John'  describes  pus  from  the  ovary  of  a  consumptive  woman,  as  a 
greenish  fluid,  of  the  consistence  of  a  liniment,  and  with  a  peculiar 
odour;  it  contained  albumen,  a  substance  resembling  that  substance, 
resin,  gelatinous  matter,  and  the  ordinary  salts,  together  with  carbo- 
nate of  ammonia. 

Chevallier^  found  in  pus  from  a  syphilitic  bubo  in  the  axilla,  ten 
days  after  its  formation,  albumen,  gluten,  chlorides  of  potassium, 
sodium,  and  ammonium,  with  some  sulphates;  it  was  viscid,  of  a 
blood-red  colour,  of  a  sickly  odour,  neutral,  and  coagulated  on  heat- 
ing. The  fluid  from  an  abscess,  in  a  case  of  spina  bifida,  contained, 
according  to  Bostock,  water,  978;  chloride  of  sodium,  10;  albumen, 
5;  mucus,  5;  gelatin,  2;  and  a  trace  of  lime.  The  fluid  which  Gruby 
obtained  from  pustules  in  smallpox,  twenty  or  thirty  hours  after  the 
commencement  of  the  eruption,  had  an  alkaline  reaction;  it  contain- 
ed some  white,  nearly  transparent  molecules,  and  round  caudate  in- 
fusoria. On  the  third  day  pus-corpuscles  were  observable,  and  sub- 
sequently became  more  numerous. 

On  the  fifth,  sixth,  eighth,  and  ninth  days  after  the  commencement 
of  the  eruption  the  pustules  contained  a  thick  yellow  fluid,  which 
had  a  slightly  alkaline  reaction,  and  contained  numerous  yellow  pus- 
corpuscles,  the  capsules  of  which  readily  burst 

Tremoliere  describes  the  contents  of  a  well  conditioned  pustule 
as  yellow,  turbid,  and  with  an  oily  appearance.  The  smell  and  taste 
of  this  fluid  were  unpleasant,  its  specific  gravity  was  1031,  and  it 
consisted,  according  to  his  statement,  of  fibrin,  mucus,  chloride  of 
sodium,  sulphate  of  potash,  and  phosphate  of  lime.     Gruby  found  that 

1  Op.  dt  p.  21.  '  Annal.  der  Phann.  24,  p.  79. 

>  This  must  be  an  error  of  observation  or  a  mi^rint        ^  Diss,  inaug.    BeroL  \&25. 
ft  Chemischc  Untcrsochungen,  vol  '4, 1812,  p.  120.         •  Gmelin's  Chemie,  vol  2,  p.  1305. 
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the  fluid  in  the  pustule  on  the  seventh  day  was  transparent ;  it  con- 
tained white,  nearly  spherical  vesicles,  which  appeared  wrinkled  on 
one  side. 

Vogel  has  made  some  important  observations  regarding  the  modi- 
fying mfluence  of  tissue,  constitution,  &c.,  on  the  nature  of  pus. 

Pus  from  the  cellular  tissue  is  usually  the  purest,  pus  from  mucous 
or  serous  surfaces  being  too  thin  and  fluid,  and  containing  in  one 
case  an  admixture  of  mucus,  in  the  other  of  serosity.  Pus  from  the 
liver  is  pultaceous,  thick,  and  of  a  brownish-red  colour.  On  allow- 
ing it  to  stand  for  some  time,  a  dense,  thick,  and  reddish  matter  se- 
parates from  the  white  pus.  Pus  from  the  kidneys  is  usually  rather 
fluid,  of  a  whitish-yellow  colour,  and  saltish.  Pus  from  the  urinary 
bladder  may  be  either  fluid  or  tough,  and  varies  in  colour  from  a  yel- 
low to  a  dirty  brown-red  tint;  it  frequently  also  has  an  ammoniacal 
odour.  Pus  from  the  bones  is  blackish,  or  white  with  black  specks; 
it  has  an  odour  and  taste  of  phosphorus.  Syphilitic  pus  is  of  a  yel- 
low or  yellowish-green  colour;  it  possesses  a  nauseous  smell,  and  a 
sweet  but  sickly  taste.  Scrofulous  pus  is  caseous,  very  fluid,  gru- 
mou8,and  sometimes  resembles  coagulated  milk;  according  to  Gendrin, 
it  contains  more  soda  and  chloride  of  sodium  than  ordinary  pus;  ac- 
cording to  Preuss,  it  contains  casein,  like  tubercular  matter.  Rbeu* 
matic  and  arthritic  pus  are  very  similar;  for  the  most  part  very  fluid, 
irritative,  and  corrosive.  I  have  examined  the  dried  residue  of  the 
liquor  puris  of  an  arthritic  person;  it  was  of  a  erayish-yellow  colour, 
contained  no  membranous  shreds,  could  Be  easily  pulverized,  and  ex- 
hibited no  appearance  of  crystals  when  examined  under  the  micro- 
scope. On  heating  it  with  nitric  acid,  I  obtained,  after  the  evapora- 
tion of  the  acid,  and  more  strikingly  on  the  addition  of  ammonia,  a 
brilliant  purple  colour,  indicating  the  presence  of  uric  acid  beyond  a 
doubt  On  triturating  this  substance  with  water  I  obtained  a  pulpy 
mass,  which,  when  examined  under  the  microscope,  was  found  to 
contain  numerous  epithelium-cells  and  pus-corpuscles,  but  no  crystals 
of  uric  acid.  Alcohol  extracted  5-4g  of  fat,  consisting  chiefly  of  mar- 
garic  and  oleic  acids,  with  a  little  cholesterin;  boiling  water  took  up 
52'6g,  of  which  a  little  fat,  extractive  matters,  with  hydrochlorate  of 
ammonia  and  lactate  of  soda,  were  soluble  in  anhydrous  alcohol;  and 
chloridjs  of  sodium,  extractive  matter,  and  albuminate  of  soda  in 
spirit  The  remainder  was  washed  with  cold  water,  (which  extract- 
'  *  fed  very  little,)  and  was  then  dissolved  in  a  faintly  alkaline  solution. 
On  the  addition  of  hydrochloric  acid  to  this  alkaline  solution,  crystals 
of  uric  acid  were  deposited,  and  some  albumen  thrown  down  from 
the  albuminate  of  soda:  the  acid  solution  then  contained  hydrochlo- 
rate of  ammonia  and  chloride  of  sodium.  The  portion  insoluble  in 
water  yielded  on  incineration  5g  of  ash,  consisting  of  earthy  phos- 
phates, with  a  little  peroxide  of  iron  and  carbonate  of  soda;  the  dried 
residue  of  the  liquor  puris  yielded,  however,  lOJ  of  ash,  composed  of 
carbonate  of  soda,  a  little  phosphate  of  soda,  carbonate  and  phosphate 
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of  lime,  a  little  chloride  of  sodium^  and  traces  of  peroxide  of  iron.     It 
contained  in  100  parts: 

AnalyiUOI. 

Pordoii  insolubte  in  water             ....  47*4 

Fat               .--.-.  54 

Aloohol-eztract,  with  hydrochlorate  ofamnmnia  and  lactate 

ofsoda       ------  4»9 

Spirit-extract,  with  chloride  of  sodium  and  albuminate  of 

■oda           -----.  17^ 

Uric  acid  and  albumen,  combined  widi  ammonia  and  soda            -  17*2 

The  amount  of  the  individual  salts  was  not  determined. 

I  have  received,  through  the  kindness  of  Dr.  Piutti,  of  Elgersburg, 
two  small  flasks  filled  with  a  white  fluid  discharged  from  an  abscess 
on  the  foot  of  a  gouty  patient,  who  had  been  trying  the  water-cure. 
On  standing,  the  fluid  threw  down  a  copious  white  sediment,  the  su- 
pernatant liquid  portion  having  a  reddish  tint  When  shaken,  innu- 
merable crystals  might  be  observed  with  the  naked  eye,  which,  under 
the  microscope,  exhibited  an  acicular  form;  a  few  pus-corpuscles 
were  also  present  The  crystals,  after  being  carefully  washed,  so  as 
to  remove  all  extraneous  matter,  formed,  when  dry,  a  white  powder, 
and  when  incinerated  on  platinum  foil,  left  a  white  fused  ash,  con- 
sisting of  carbonate  of  soda.  The  white  crystalline  mass,  when 
warmed  with  nitric  acid,  yielded  the  deep  purple  tint  indicative  of 
uric  acid.  On  digesting  a  portion  with  dilute  hydrochloric  acid,  a  large 
number  of  rhombic  tablets  of  uric  acid  appeared  on  cooling.  The 
hydrochloric  acid  solution  yielded,  on  gentle  evaporation,  cr3'stals  of 
chloride  of  sodium.  Hence  the  white  acicular  crystals  consisted  of 
urate  of  soda.  The  red  supernatant  fluid  contained  a  few  corpuscles, 
a  large  quantity  of  albumen,  and  some  ha^mato-globulin. 

Scorbutic  pus  is  thin,  ichor-like,  of  a  bad  odour,  often  mixed  with 
blood,  and  soon  becomes  putrid.  Cancerous  pus  possesses  a  very 
peculiarly  fetid  odour,  and  appears  very  frequently  to  contain  sulphu- 
retted hydrogen  and  ammonia. 

Pus  sometimes  contains  infusoria ;  thus  R.  Wagner*  has  observed 
minute  ciliated  animalcules,  in  some  slight  degree  resembling  pus- 
corpuscles,  in  pus  taken  from  cancer  of  the  lip;  they  appeared  to  be 
the  colpoda  cuculius.  Valentin  has  also  observed  infuriosa  in  the 
purulent  fluid  of  carcinoma.  Donne'  has  observed  the  vibrio  lineola 
in  the  pus  from  chancres  and  gonorrhoea:  he  found  other  forms  of  ,: 

infusoria  in  the  pus  from  syphilitic  vaginitis;  they  were  twice  the ^.  ^.  ^^r 
size  of  the  blood-corpuscles,  with  a  round  elliptic  body,  considerably   '"' 
prolonged  anteriorly;  he  proposes  for  this  animalcule  the  name  of 
iricomonas  vaginalis. 

Ichor, 

When  pus  begins  to  undergo  decay,  or  is  secreted  from  malignant 
or  carcinomatous  growths,  or  when  mortification  comes  on  in  conse- 

>  Valentin's  Repertorium,  p.  1 1 9. 

>  Recbeiches  microac.  sur  la  nat  du  Mocui^  ete.    Paris,  1837. 
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quence  of  the  depressed  state  of  the  vital  powers,  it  becomes  thin 
and  discoloured;  (being  often  of  a  brown  or  reddish  tint,)  and  emits 
a  fetid  odour:  it  is  then  termed  ichor.  Ichor  frequently  contains  no 
pus-corpuscles,  or  only  a  very  few,  and  those  partially  broken :  it  is 
of  a  blood-red  colour,  but  does  not  always  contain  blood-corpuscles, 
the  red  colour  being  apparently  due  to  their  solution  in  the  putrid 
and  decomposed  fluid.  From  tlie  odour  we  may  infer  the  presence 
of  hydrosulphate  of  ammonia.  Vogcl  examined  some  ichorous  pus 
from  a  sore  in  the  foot  of  a  rheumatic  patient;  he  found  perfectly 
normal  pus-corpuscles  in  it,  and  it  only  diJOTercd  from  normal  pus  in 
its  greater  fluidity. 

Pus  ofanimak. 

I  have  analyzed  pus  from  a  lymphatic  gland  in  a  horse.  There 
were  contained  in  1000  parts: 

Analjflts  9S. 

Water           -                  -                      ...  97&00 

Solid  ooDfltitocnti              •                      ...  24-00 

Fat,  containing  diofegteiin                    ...  i<68 

WatPT-extract  and  caaeooa  matter          ...  1-S6 

Bpuit«xtrBCt,  with  lactateiy  and  chloride  of  sodium               -  2-94 

Albumen,  ocUa,  phoqphate  and  sulphate  of  lime,  and  traces 

ofiron                       -                      ...  17-64 

GobeP  has  analyzed  pus  from  the  uterus  of  a  mare;  it  was  a  thick 
fluid,  of  a  whitish-yellow  colour,  opaque,  of  specific  gravity  1079, 
and  had  a  faint  animal  odour:  it  was  neutral,  and  coagulated  on  the 
application  of  heat  It  contained,  water,  913-3;  albumen,  7*2;  ge- 
latinous non-coagulable  animal  matter,  9*4:  chloride  of  sodium,  lac- 
tate and  sulphate  of  potash,  phosphates  of  lime  and  magnesia,  protox- 
ide of  iron,  and  silica,  5*3.  Dumas  analyssed  pus  from  the  frontal  si- 
nus of  a  mule:  it  reddened  litmus  paper,  formed  an  emulsion  with  cold 
water,  and  when  heated  to  158^,  yielded  a  granular  coagulum.  It  con- 
tained 17'9§  of  solid  constituents,  of  which  16*5  were  albumen;  the 
remainder  consisted  of  extractive  matter,  free  lactic  acid,  phosphates 
and  sulphates. 

On  the  formation  of  mucus  and  pus  on  mucous  membranes  and 

on  the  detection  of  pus  in  mucus. 

It  seems  to  be  now  almost  generally  admitted  that  the  distinctions 
between  pus  and  mucus  are  to  be  sought  for,  not  in  the  morpholo- 
gical character  or  chemical  relations  of  their  respective  corpuscles, 
but  rather  in  the  chemical  peculiarities  of  the  fluid  portions  of  these 
secretions. 

It  has  been  already  shown  that  the  fluid  of  mucus  contains  a  large 
quantity  of  dissolved  mucin,  while  no  albumen,  or,  at  the  most,  a  mere 
trace,  is  present:  on  the  other  hand,  the  fluid  of  pus  is  rich  in  albumen, 
and  contains  only  a  very  small  quantity  of  dissolved  mucin.    Hence, 

^  Schweiggei's  Journal,  voL  34,  p.  407. 
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if  it  were  proved  that  normal  mucus  never  contains  albumen,  we 
might  conclude  that  all  mucus  which  gave  indications  of  the  presence 
of  that  substance  was  purulent.  We  should  then  also  arrive  at  the 
conclusion  that  most  persons,  on  the  slightest  irritation  of  the  mucous 
membrane,  secrete  purulent  mucus.  In  this  manner  we  should  have 
to  agree  with  Vogel  that  normal  mucus  contains  only  epithelium,  and 
that  any  secretion  of  mucus-corpuscles  indicates  an  admixture  of  pus. 

To  the  physician  the  detection  of  traces  of  pus  in  mucus  is  a  point 
of  little  importance;  it  is  of  much  more  consequence  to  be  able  to  de- 
cide from  the  sputa  whether  suppuration  of  the  parenchyma  of  the 
lungs  or  of  other  tissues  has  actually  commenced.  The  point  is  one 
of  very  great  difficulty,  in  consequence,  as  has  been  previously  ob- 
served, of  the  imperceptible  changes  that  mucus  undergoes  in  its 
transition  from  the  normal  secretion  into  pus. 

My  own  observations,  as  well  as  those  of  others,  lead  me  to  concur 
in  the  view  that  Henle^  has  developed  in  his  essay  on  the  Secretion 
of  Pus  and  Mucus,  in  which  he  distinctly  and  ingeniously  points  out 
the  analogous  phenomena  between  mucous  membranes  and  the  ex- 
ternal skin.  The  mucous  membranes  are  covered  with  several  lay- 
ers of  epithelium,  and  in  the  ordinary  course  of  secretion  the  more 
recent  and  inferior  layer  of  cells  projects>against  the  superior  and  older 
cells  which  constitute  the  existing  epithelium.  The  inferior  cells  them- 
selves gradually  become  epithelium,  and,  in  their  turn,  are  thrust  out 
and  supplanted  by  still  deeper  cells.  As  the  fluid  portion  of  the 
mucus  is  secreted  at  the  same  time,  it  evidently  cannot  be  regarded  as 
the  cytoblastema  of  these  cells,  but  must  be  looked  upon  as  effete,  and 
no  longer  essential  to  the  formation  of  mucus-corpuscles;  the  albumen 
for  their  nutrition  having  been  extracted  from  it  during  the  progress 
of  their  development  towards  actual  epithelium,  and  only  mucin  (the 
product  of  their  metamorphosis  left  in  its  stead.) 

As  the  secretion  is  increased  by  irritation  of  the  mucous  membrane, 
it  follows  cither  that  such  epithelium  as  is  thrown  off  in  the  normal 
state  is  then  not  formed  at  all,  or  else  that  it  is  only  secreted  imper- 
fectly, and  consequently  we  meet  with  cells  in  every  state  of  deve- 
lopment under  these  circumstances.  These  changes  in  the  epithelium 
lead  to  corresponding  variations  in  the  fluid  portion  of  the  mucus,  for 
if  a  normal  stratum  of  epithelium  is  no  longer  formed,  that  is  to  say,  if 
the  deeper  layers  throw  off  the  superior  cells  before  they  havfe  arrived 
at  maturity,  the  changes  impressed  on  the  fluid  must  be  different  from 
those  which  it  would  undergo  during  the  ordinary  secretions  of  heal- 
thy mucus.  It  is  impossible  that  all  the  nutritious  matter  of  this  fluid 
can  be  consumed  by  these  immature  cells, and  wc  consequently  find  in 
it,  under  these  circumstances,  a  greater  or  less  quantity  of  albumen 
and  fat,  two  substances  which  universally  yield  a  cytoblastema  for  the 
higher  development  of  cells. 

If  an  increased  secretion  of  mucus  takes  place  on  a  mucous  mem* 
branc  which  possesses  only  a  single  layer  of  epithelium,  (either  the 

1  Hufeland's  Journal,  May,  1836. 


S70  THE  SECBETI05S. 

cylinder  or  the  ciliated  variety,)  the  mucus-corpuscles  appear  imme- 
diately after  the  epithelium  has  scaled  off.  The  transition  of  the 
mucus-corpuscles  into  epithelium-cells  is  not  observed  so  well  in  this 
instance,  as  when  there  is  a  profuse  secretion  from  a  surface  possessing 
several  layers.  These  transitions  and  various  stages  of  development 
lead  us  to  the  conclusion  that  the  mucus-corpuscles  represent  the  first 
stage  of  formation  of  the  epithelium-cells,  into  which  they  would  ul- 
timately have  been  converted  if  they  had  not  been  thrown  off  too  early, 
and,  further,  that  the  different  forms  of  epithelium-cells  are  in  their 
primary  state  identical  with  one  another. 

The  same  elements  are  likewise  recognised,  according  to  Henle, 
in  other  tissues,  in  the  ganglia  of  nerves,  in  the  brain,  in  the  contents 
of  the  Graafian  vesicle  around  the  ovum,  in  the  parenchyma  of  the 
liver,  and  in  the  blood-formative  glands,  (the  spleen,  thymus,  and  thy- 
roid.) These  cells  occur  also  in  the  blood,  where  I  have  termed 
them  chyle-corpuscles;  they  probably  represent  the  blood-corpuscle 
in  a  preparatory  stage  of  development 

If  we  suppose  the  secretion  of  mucus  to  be  still  further  increased, 
the  mucous  membrane  will  produce  only  these  primary  cells,  which 
cannot  be  distinguished  from  pus-cells,  with  which,  in  fact,  they  are 
identical.  Whether  the  secreted  fluid  is  to  be  regarded  as  pus,  mu- 
cus, or  purulent  mucus,  depends  on  the  quality  of  the  liquid  that  is  se- 
creted with  the  cells.  If  it  contains  much  mucin,  the  fluid  must  be 
regarded  as  mucus;  if  there  is  no  mucin  in  it,  or  only  a  small  quan- 
tity, but  on  the  other  hand  much  fat  and  albumen,  it  must  be  regarded 
as  pus;  while  if  all  three  are  contained  in  the  fluid,  it  must  be  re- 
garded as  purulent  mucus.  In  a  very  diseased  state  of  the  mucous 
membrane  the  fluid  may  even  contain  fibrin,  and  thus  resemble  plas- 
tic lymph.  Henle*  has  observed  this  in  one  instance.  We  may 
consequently  observe  the  various  stages  of  transition  from  plastic 
lymph  to  the  normal  fluid  of  mucus  (containing  mucin,  but  no  albu- 
men,) in  the  same  manner  as  we  can  trace  the  epithelium-cells  gra- 
dually downwards  till  they  assume  the  form  of  primary  cells. 

The  following  conclusions  are  all  that  we  are  entitled  to  deduce 
from  the  previous  observations: 

(1.)  Pure  mucus  floats  on  water  for  a  considerable  time  if  air-bub- 
bles are  entangled  in  it;  pure  pus  sinks  rapidly  to  the  bottom;  puru- 
lent mucus  swims  if  it  contain  air-bubbles,  but  allows  the  pus  to  de- 
posit  itself;  the  deposit  frequently  takes  place  in  the  form  of  pendent 
fibres.     If  pure  mucus  contain  no  air-bubbles,  it  sinks. 

(2.)  Pure  mucus,  lying  in  water,  appears  as  a  homogeneous, 
streaked,  vesicular,  viscid,  and  tenacious  mass,  of  a  white  or  whitish- 
yellow  colour,  and  yielding  readily  to  pressure.  Pure  pus  forms  a 
stratum  at  the  bottom  of  water,  of  a  white  or  greenish-yellow  colour, 
and  sometimes  tinged  with  blood;  by  agitation  it  is  diffused  through 
the  water,  and  in  a  short  time  again  sinks  to  the  bottom.  Purulent 
mucus  forms  streaked,  vesicular,  oflen  discoloured  masses,  or  mucous 

1  Hufeland's  Joanml,  1636,  ^  21. 
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sediments;  they  are  easily  diffused  through  water,  and  have  a  granu- 
lar, non-homogeneous  appearance. 

(3.)  Pure  mucus  imparts  no  albumen  or  mucin  to  water;  mucus 
which  is  mixed  with  much  saliva  does,  however,  render  water  a  lit- 
tle albuminous;  pure  pus  communicates  a  large  amount  of  albumen 
to  water,  and  purulent  mucus  imparts  a  quantity  of  albumen  propor- 
tionate to  the  amount  of  pus. 

None  of  what  have  been  termed  the  "  pus  tests  '^  are  calculated,  in 
my  opinion,  to  detect  minute  quantities  of  pus  in  mucus,  and  no  test 
is  requisite  to  distinguish  pure  mucus  from  pure  pus,  or  to  recognise 
a  large  quantity  of  pus  in  mucus. 


CHAPTER  VI. 

SECBETION  OF  THE  EXTERNAL  SKIN. 

Sweat.     {Sudor.) 

The  sudoriparous  glands  continuously  secrete  a  very  considerable 
amount  of  watery  fluid,  which,  in  consequence  of  the  extent  of  sur- 
face over  which  these  glands  are  distributed,  usually  passes  off  direct- 
ly in  the  shape  of  vapour,  leaving  behind,  however,  on  the  skin,  its 
various  solid  constituents,  mixed  with  the  secretion  of  the  sebaceous 
glands.  It  is  only  under  the  influence  of  active  exercise,  high  exter- 
nal temperature,  or  certain  forms  of  disease,  that  the  secretion  is  ela- 
borated in  such  quantity  as  to  stand  in  drops  on  the  skin,  instead  of 
being  carried  off  as  insensible  vapour;  it  is  then  termed  sweat. 

Attempts  have  been  made  by  Sanctorius,  Dodart  and  Reil,  and 
more  recently  by  Lavoisier  and  Seguin,  to  determine  the  quantity 
of  fluid  which  escapes  from  the  skin  within  a  certain  time,  in  the  form 
of  vapour.  Seguin  found  that,  on  an  average,  18  grains  of  fluid  were 
discharged  in  a  minute  by  the  skin  and  lungs;  the  former  exhaling 
11  and  the  latter  7  grains.  The  minimum  exhalation  from  both 
sources  amounted  to  II  grains;  the  maximum,  in  a  state  of  rest,  to 
32  grains  in  a  minute.  From  these  data  the  maximum  of  matter  lost 
by  the  body  through  the  skin  and  lungs  in  24  hours,  would  amount 
to  5  pounds,  and  the  minimum  to  1  pound,  11  ounces,  and  4  drachms. 
Taking  the  average  of  II  grains  in  the  minute,  the  whole  quantity 
would  amount  to  29  ounces  of  fluid. 

The  amount  of  solid  constituents  carried  off  with  the  fluid,  is  com- 
paratively very  small,  and  does  not  exceed  7  or  8  scruples  in  the  24 
hours:  all  the  rest  is  mere  water,  with  some  carbonic  acid,  and  per- 
haps some  nitrogen. 

'The  solid  constituents  of  the  sweat  consist  of  a  mixture  of  salts  and 
extractive  matters,  of  which  the  latter  preponderate;  the  principal 
ingredient  of  the  salts  is  chloride  of  sodium. 

32* 
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I  have  on  several  occasions  collected  and  analyzed  the  sweat  of 
persons  in  the  vapour-bath;  it  is,  however,  always  mixed  with  more 
or  less  water  condensed  on  the  body  from  the  vapour  of  the  bath. 
The  sweat  collected  in  this  manner  from  the  arms  and  face  was  a 
turbid,  rather  dirty-looking  fluid,  which,  after  standing  for  some  time, 
deposited  gray  floccules,  recognisable  under  the  microscope  as  epi- 
thelium-scales, for  the  most  part  broken  and  in  fragments.  The  fil* 
tered  sweat  had  in  one  instance  a  specific  gravity  of  1003,  in  another 
of  1001;  it  was  slightly  acid,  which  appears  to  be  the  ordinary  reac- 
tion of  normal  sweat;  in  the  course  of  24  hours  it  became  neutral, 
and  on  holding  over  it  a  rod  moistened  with  hydrochloric  acid,  a 
slight  cloud  was  observed. 

On  evaporation  of  my  own  sweat,  as  well  as  that  of  another  heal- 
thy man,  the  peculiar  smell  of  the  axilla  was  observed,  and  an  odour 
of  ammonia  developed;  the  presence  of  this  substance  was  also  indi- 
cated by  the  test  to  which  we  have  just  referred.  On  evaporation 
to  dryness,  the  odour  of  extractive  matter  became  perceptible.  On 
trituratins  a  portion  of  the  residue  with  free  potash,  ammonia  was 
developed ;  on  the  addition  of  sulphuric  acid  to  another  part,  sulphu- 
rous acid  was  first  given  off,  and  afterwards  a  marked  odour  of  acetic 
acid.  In  one  instance  the  odour  of  butyric  acid  was  so  clearly  asso- 
ciated with  that  of  acetic  acid,  as  to  leave  no  doubt  of  its  presence. 

On  boiling  the  dried  residue  of  sweat  with  ether,  a  small  quantity 
of  fat  is  taken  up,  which  may  be  isolated  by  evaporating  the  ether, 
and  possesses  the  peculiar  odour  of  sweat  Alcohol,  on  being  then 
added  to  the  residue,  becomes  of  a  pale  yellow  colour,  and  is  rather 
strongly  precipitated  by  tannic  acid  and  acetate  of  lead, — indications 
of  the  presence  of  alcohol-extract  On  evaporation  of  the  alcohol, 
chloride  of  sodium  crystallizes  in  cubes,  and  in  addition  to  these 
cubes,  which  constitute  the  greater  part  of  the  salts,  and  many  of 
which  have  octohedral  surfaces,  there  are  also  long  prisms,  plates, 
and  fern-like  crystalline  clusters  of  hydrochlorate  of  ammonia;  the 
latter,  especially,  is  very  abundant  in  sweat  that  has  stood  for  some 
time.  On  treating  a  portion  of  the  residue  of  the  salts  with  sulphu- 
ric acid,  there  is  extricated  in  the  first  place  some  hydrochloric  acid 
in  a  state  of  vapour,  and  subsequently  a  decided  odour  of  acetic  acid. 
If  a  portion  of  the  residue  is  incinerated,  the  ash  effervesces  on  the 
addition  of  hydrochloric  acid.  On  dissolving  out  the  chlorides  with 
alcohol,  and  adding  bichloride  of  platinum,  we  obtain  a  slight  yellow 
precipitate.  The  residue  is  soluble  in  water,  with  the  exception  of 
some  gray  flocculi,  and  on  the  addition  of  tannic  acid  this  aqueous 
solution  yields  a  precipitate,  which  shows  that  the  sweat  contains 
water-extract  The  solution  also  contains  a  small  quantity  of  lime, 
but  hardly  a  trace  of  phosphoric  acid,  and  only  once,  in  several  trials, 
was  there  a  faint  indication  of  sulphuric  acid.  When  the  whole  resi- 
due of  the  sweat  was  incinerated,  the  amount  of  phosphate  of  lime 
was  much  larger,  and  a  considerable  quantity  of  sulphuric  acid,  as 
well  as  traces  of  peroxide  of  iron,  were  always  perceptible. 
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It  is  true  that  these  arc  superficial  and  merely  qualitative  investi- 
gations; they  are,  however^  sufficient  to  establish  the  existence,  in 
normal  sweat,  of 

1.  Substances  soluble  in  ether:  traces  of  fat,  sometimes  including 
butyric  acid. 

2.  Substances  soluble  in  alcohol :  alcohol-extract,  free  lactic  or  ace- 
tic acid,  chloride  of  sodium,  lactates  and  acetates  of  potash  and  soda, 
lactate  or  hydrochlorate  of  ammonia. 

3.  Substances  soluble  in  water:  water-extract,  phosphate  of  lime, 
and  occasionally  an  alkaline  sulphate. 

4.  Substances  insoluble  in  water:  desquamated  epithelium,  and 
(after  the  removal  of  the  free  lactic  acid  by  alcohol)  phosphate  of 
lime,  with  a  little  peroxide  of  iron. 

The  results  of  the  investigations  of  other  chemists  coincide  gene- 
rally with  these  conclusions  of  mine.  Berzelius  infers  from  his  ana- 
lyses of  sweat  that  collected  in  drops  on  the  forehead,  that  it  contains 
in  solution  the  same  substances  which  occur  in  a  dissolved  condition 
in  the  acid  fluid  of  muscular  flesh,  together  with  an  excess  of  chlo- 
ride of  sodium.  The  most  comprehensive  analyses  of  sweat  have 
been  made  by  Anselmino.^  He  enclosed  the  naked  arm  in  a  glass 
cylinder,  and  collected  the  sweat  that  had  exhaled  during  several  ex- 
periments: in  the  course  of  five  or  six  hours  a  table-spoonful  had  con- 
densed. A  portion  was  heated  with  sulphuric  acid,  evaporated,  and 
caustic  potash  added  to  the  residue;  by  this  means  the  presence  of 
ammonia  was  established  beyond  a  doubt.  On  digesting  another 
portion  with  oxide  of  lead,  and  moistening  the  dried  mass  with  sul- 
phuric acid,  vapours  of  acetic  acid  were  developed.  A  third  portion, 
which  was  treated  with  lime  water,  became  turbid,  in  consequence 
of  the  presence  of  carbonic  acid.  For  the  purpose  of  determining 
the  solid  constituents,  Ansel mino  made  use  of  sweat  that  had  been 
collected  by  clean  sponges  from  the  vapour-bath;  it  was  turbid,  and 
had  a  strong  though  by  no  means  a  constant  odour.  After  the  distil- 
lation of  a  portion  of  the  filtered  liquid  in  the  steam-bath,  acetate  of 
ammonia  was  found  in  the  fluid  that  had  collected  in  the  receiver, 
A  very  small  amount  of  solid  residue  (from  0-5  to  l'25g)  was  left  af- 
ter evaporation  of  the  sweat.  Anselmino  extracted  the  solid  residue 
with  alcohol  of  '833,  evaporated  the  alcoholic  solution  to  dryness, 
and  then,  by  means  of  anhydrous  alcohol,  extracted  from  the  saline 
residue  an  acid,  extract-like  matter,  similar  to  the  alcohol-extract  of 
flesh,  and  containing  free  acetic  acid,  acetate  of  potash,  and  animal 
matter  precipitable  by  tannic  acid.  Berzelius  conceives  the  free  acid 
of  this  extract  (like  the  free  acid  in  extract  of  flesh,)  to  be  lactic  acid. 
Now  I  will  not  assert  ihat  the  sweat  always  contains  free  acetic  acid, 
but  I  certainly  have  observed  cases  in  which  the  odour  clearly 
showed  that  the  free  acid  was  principally  the  acetic;  lactic  acid  may, 
however,  still  be  always  present     The  occurrence  of  acetic  acid  in 

I  Tic(]emann*s  ZeitKhrift,  voL  3,  p^  321. 
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sweat  is  placed  beyond  a  doubt  by  my  experiments.  The  matters 
which  are  undissolved  by  anhydrous  alcohol  are  principally  chlo- 
rides of  sodium  and  potassium^  and  spirit-extract;  the  latter  is  not 
precipitated  by  chlorine,  protochloridc  of  tin,  or  bichloride  of  mer- 
cury. In  this  investigation  Anselmino  seems  to  have  overlooked,  as 
Berzclius  remarks,  the  hydrochlorate  and  lactate  of  ammonia.  All 
that  is  insoluble  in  alcohol  may  be  dissolved  in  lukewarm  water, 
with  the  exception  of  a  gray  matter;  this  aqueous  solution  contains 
sulphates  and  an  animal  matter  prccipitablc  by  tannic  acid,  and  per- 
chloridc  of  tin,  (water-extract.)  The  gray  insoluble  matter  leaves 
on  incineration  a  considerable  amount  of  phosphate,  together  with  a 
little  carbonate  of  lime. 

Anselmino  has  consequently  arrived  at  results  which  entirely  cor- 
respond with  my  own,  excepting  only  that  I  could  not  in  every  case 
detect  the  presence  of  sulphates  in  fresh  sweat,  although  I  always 
found  them  in  the  incinerated  residue;  from  this  circumstance  I  am 
led  to  infer  that  some  of  the  constituents  of  sweat  contain  sulphur. 

In  100  parts  of  the  solid  residue  of  sweat  Anselmino  found: 

Substaiuxs  inaduble  in  water  and  akx)hol,  chiefly  salts  of  liine              -  20 

Water-extract  and  sulphates                 .....  21*0 

Bpirit  extract,  with  chlorides  of  sodiom  and  potasftium  ...  48K) 

Aioohol-extract,  acetic  add,  and  acetates  (lactates)         ...  8!>0 

These  figures  must  be  regarded  merely  as  approximative.  In 
1000  parts  of  sweat  there  are  contained,  according  to  Anselmino: 

Water 095-000  a87«600 

Ei>idenni8  and  salts  of  lime      ....  •lOO  •250 

Water-e^tract  and  sulphates     -            -            -            .  1*050  2*625 

Spirit-extract,  chlorides  of  sodium  and  potaasiuin           -  S2*40O  C-000 
Alcohol  extract,  acetates,  lactates,  and  tree  acetic 

acid            ......  1-450  3'625 

From  100  parts  of  dried  residue  of  sweat  Anselmino  obtained  22-9 
of  fixed  salts,  consisting  of  carbonates,  sulphates,  and  phosphates  of 
soda  and  (in  small  quantity)  of  potash,  chloride  of  sodium,  phosphate 
and  carbonate  of  lime,  and  traces  of  peroxide  of  iron. 

The  peculiar  odour  of  sweat  from  different  parts  of  the  body  is 
dependent  in  a  great  measure  on  the  secretion  of  the  sebaceous  glands 
in  those  parts:  thus  it  is  well  known  that  the  sweat  from  the  feet  of 
many  persons  has  a  very  penetrating  odour,  that  the  sweat  from  the 
axilla  gives  off  a  peculiar  ammoniacal  smell,  and  that  the  sweat  of 
the  external  organs  of  generation  contains  and  smells  faintly  of  bu- 
tyric acid. 

The  gases  which  are  given  oiT  by  the  skin  are,  according  to  Col- 
lard  de  Martigny,^  carbonic  acid  and  nitrogen;  they  are  not  exhaled 
in  constant,  but  in  varying  proportions,  and  generally  in  the  greatest 
quantity  after  meals  and  after  violent  exertion.  Collard  has  observed 
that  an  excess  of  carbonic  acid  is  exhaled  after  the  use  of  vegetable 
food,  and  an  excess  of  nitrogen  after  a  nitrogenous  diet.     Since  these 

'  Magendie*s  Journal,  voL  10,  p.  162. 
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mea  are  contained  in  a  state  of  solution  in  the  bloody  (see  p.  118,} 
It  may  readily  be  conceived  that  they  will  exhale  at  those  points 
where  the  blood  in  its  passage  through  the  capillaries  comes  in  the 
most  intimate  contact  with  the  external  atmosphere ;  at  least  it  seems 
a  simpler  view  to  regard  it  as  a  mere  physical  process  than  as  a  dis- 
integration of  animal  matter  by  the  secreting  organs.  In  fact,  the 
cutaneous  exhalation  must  be  regarded,  as  Edwards  has  observed,  in 
the  light  of  a  partly  physical,  partly  organic  process.  The  product 
of  physical  exhalation  is  pure  water  and  gas;  the  product  of  organic 
exhalation  contains  animal  constituents,  which  must  be  regarded  as 
secretions  of  cells. 

The  amount  of  exhaled  matter  is  liable  to  great  variations:  it  is  in-i 
creased  by  a  dry  and  light  atmosphere;  and  is  lessened  by  a  moist, 
vapoury,  dense,  and  calm  atmosphere.  During  and  immediately  af- 
ter meals  the  exhalation  is  at  its  minimum;  it  attains  its  maximum 
during  the  actual  period  of  digestion.  The  cutaneous  exhalation  is 
in  antagonism  with  the  urinary  secretion  and  the  pulmonary  exhala- 
tion, so  that  an  excessive  secretion  of  urine  diminishes  the  action  of 
the  skin,  and,  conversely,  the  renal  functions  are  less  energetic  when 
the  skin  exhales  freely. 

On  Morbid  Sweat, 

Our  knowledge  of  the  chemistry  of  normal  sweat  is  very  imper- 
fect; but  our  inmrmation  respecting  the  changes  which  this  secretion 
undergoes  in  disease  is  still  more  deficient  Our  ignorance  may  be 
explained,  and  in  some  measure  excused,  by  the  extreme  difficulty 
of  obtaining,  in  a  state  of  purity  and  unadulteration,  a  sufficient  quan- 
tity of  the  secretion  for  the  purpose  of  forming  a  successful  chemical 
analysis. 

Dr.  Piutti,  of  Elgersburg,  has  had  the  kindness  to  present  me  with 
some  sweat  which  he  obtamcd  from  persons  during  the  use  of  the 
water-cure,  and  also  with  a  manuscript  communication  containing 
some  analyses  of  sweat  instituted  by  himself,  which  I  shall  at  once 
proceed  to  enumerate. 

The  manner  in  which  he  conducted  his  analyses  is  not  stated. 
We  observe  the  absence  of  salts  of  lime  in  these  analyses,  and  Piutti 
states  that  he  could  find  no  traces  of  phosphate  or  benzoate  of  lime, 
the  former  of  which  has  indisputably  been  detected  by  other  che- 
mists. Since  the  phosphate  of  lime  doubtless  pertains  to  the  epider- 
mis, we  may  conclude  that  Piutti  removed  all  the  desquamated  cuti- 
cle before  he  commenced  his  analyses.^  All  mention  of  sulphuric 
acid,  and  of  potash,  is  likewise  omitted.  I  have  already  stated  that 
I  only  once  detected  traces  of  sulphuric  acid  in  fresh  sweat,  although 
I  always  found  a  considerable  quantity  of  it  in  the  incinerated  ash. 

>  Benelkwy  however,  is  of  q)inion  that  a  portion  of  phosphate  of  lime  appertains  to  the  sweat 
TtatASf  and  that  it  is  held  in  solution  by  a  free  add. 
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Piutti  has  made  three  analyses  of  the  sweat  collected  from  invalids. 
They  gave  the  following  results: 

1  9.  3 

Water               -               -  -  99&5  D93-0  994-6 

Chlorkie  of  sodium             -  -  3-0  4-0  3-3 

FhoRphate  of  aimnonia        -  -  *5  *8  1-1 

Acetate  of  ammonia           .  .  •S  ■(>  -5 

Hydromilphate  of  ammonia  trace  txaoe 

Extractive  matten              -  -  *5  1-6  -5 

The  first  analysis  was  made  with  the  sweat  of  a  man  aged  36  years* 
who  during  twelve  years  had  suffered  from  atonic  gout,  and  had  been 
trying  the  water-cure  for  ten  weeks.  The  specific  gravity  of  the 
sweat  was  1003-5.  The  sweat  in  the  second  analysis  was  taken  from 
a  woman  aged  54  years,  who  for  six  years  had  suffered  from  gout} 
and  who  had  been  under  the  water-cure  for  twelve  weeks:  its  speci- 
fic gravity  was  1004.  In  the  third  case  it  was  collected  from  a  girl 
22  years  of  age,  suffering  from  paralysis  of  the  lower  extremities,  but 
in  other  respects  blooming  and  healthy.  The  animal  matter  in  this 
ease  was  of  a  greenish  colour  when  isolated ;  it  was  soluble  in  etbefi 
but  not  in  alcohol.     The  specific  gravity  was  1003. 

The  sweat  that  was  forwarded  to  me  by  Dr.  Piutti,  and  which  was 
enclosed  in  ounce-bottles  with  ground  stoppers,  was  in  a  state  of  de- 
composition when  I  received  it,  and  therefore  was  not  in  a  proper 
condition  for  an  accurate  qualitative  analysis.  It  smelt  strongly  of 
hydrosulphate  of  ammonia,  especially  a  specimen  collected  from  a 
man  who  had  had  psoriasis  diffusa  for  seventeen  years.  The  gray  de- 
posit which  was  found  in  every  bottle  consisted  of  desquamated  epi- 
dermis. The  sweat,  to  which  I  have  just  referred,  had  a  penetrating 
odour  of  sulphuretted  hydrogen,  which  continued  during  evaporation, 
and  ultimately  merged  into  a  nauseous  animal  smell.  Its  specific 
gravity  was  comparatively  high,  being  1008;  and  it  yielded  9*9  of 
solid  constituents,  which,  after  being  exposed  to  the  influence  of  a 
red  heat,  were  found  to  consist  of  a  large  proportion  of  chloride  of 
sodium,  carbonate  of  soda,  a  little  phosphate  of  lime,  and  a  fair 
amount  of  sulphuric  acid. 

The  statements  which  we  possess  from  other  sources,  regarding 
the  morbid  changes  of  the  sweat,  are  very  loose  and  inconclusive;  in 
fact,  we  have  no  accurate  observations  on  the  subject 

1.  TTie  quantify  of  the  sweat  is  sometimes  increased  in  an  extra' 

ordinary  degree. 

Thus  critical  sweats  arc  usually  very  abundant,  continuous,  and 
watery,  in  intermittent  fevers,  in  rheumatic  affections,  and  in  colli- 
quative disorders. 

2.   The  quality  of  the  sweat  is  changed. 

a.  The  sweat  may  be  distinguished  by  a  peculiar  odour.  The 
sweat  of  persons  with  the  itch  is  said  to  have  a  mouldy  odour,  while 
that  of  syphilitic  patients  is  said  to  smell  sweet.    The  sweat  of  rheu- 
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malic  and  gouty  persons  has  an  acid  smell,  while  in  putrid  fever  and 
scurvy^  it  has  a  putrid  odour;  in  jaundice  it  is  said  to  resemble  musk 
in  its  smell.  In  Stark's  *  General  Pathology/  (p.  1126,)  we  find  it 
stated  that  the  odour  of  the  sweat  in  scrofula  resembles  that  of  sour 
beer,  while  in  intermittent  fever  it  smells  like  fresh-baked  brown 
bread.  The  determination  of  odours  is,  however,  very  subjective, 
and  (with  a  few  exceptions)  it  is  more  than  probable  that  different 
observers  would  detect  different  resemblances. 

b.  Some  of  the  normal  constituents  may  be  abnormally  increased. 
1st   The  free  acid  of  the  sweat  may  he  increased.    Lactic  acid, 

which  is  the  ordinary  free  acid,  is  usually  increased  in  cases  of  rheu- 
matism and  gout;  the  sweat  in  these  diseases  has  a  strong  acid  reac- 
tion. When  there  is  also  an  acid  odour,  acetic  acid  is  present- 
Prout  has  found  free  acetic  acid  in  the  sweat  of  a  person  suffering 
from  hectic  fever.  After  aiu.attack  of  acute  rheumatism,  the  joints 
of  the  feet  remained  swelled,  for  which  potash-baths  were  ordered. 
These  baths,  in  the  course  of  three  weeks,  brought  on  an  attack  of 
eczema,  extending  as  high  as  the  knee.  The  sweat  from  the  feet 
had  then  a  decided  odour  of  acetic  acid,  which  became  more  strongly 
developed  when  they  were  sharply  rubbed.  Anselmino^  found  free 
acetic  acid  in  the  sweat  of  women  during  their  confinement;  and,  ac- 
cording to  Stark,  the  quantity  of  free  lactic  acid  is  increased  in  the 
sweat  during  scrofula,  rachitis,  and  certain  cutaneous  eruptions. 

2d.  The  ammonia  of  the  sweat  may  he  increased,  Anselmino 
found  a  larger  proportion  of  (free?)  ammonia  in  the  sweat  after  an 
attack  of  gout  than  in  any  other  case.  Berend*  states  that  the  sweat 
in  putrid  and  typhus  fever  isammoniacal;  and  in  nervous  diseases(?), 
according  to  Nauche,^  it  becomes  alkaline.  All  sweat  with  a  putrid 
odour  probably  contains  free  ammonia. 

3d.  The  salts  may  be  increased.  Prout^  observed  that  in  the 
case  of  a  man  with  dropsy  the  skin  became  covered  with  a  white  sa- 
line crust  of  chloride  of  sodium,  after  an  abundant  perspiration. 
Anselmino  found  in  the  sweat,  after  a  severe  attack  of  gout,  more 
salts  than  usual.  In  cases  of  gouty  and  urinary  concretions,  the 
quantity  of  phosphate  of  lime  appears  to  be  increased. 

c.  Abnormal  constituents  may  be  present  in  the  sweat 

1st  •Albumen  has  been  observed  by  Anselmino  in  a  critical  sweat, 
which  broke  out  in  large  quantity  one  evening  over  the  whole  body 
in  a  case  of  fcbris  rhcumatica,  with  severe  pains  in  the  joints;  on  the 
following  day  it  had  disappeared.  Stark  asserts  that  albumen  may 
be  found  in  the  sweat  in  gastric,  putrid,  and  hectic  diseases,  and  also 
on  the  approach  of  death,  in  consequence  of  the  abnormal  solution 
of  the  solid  constituents.  I  failed  in  detecting  any  certain  indications 
of  albumen  in  sweat  collected  (by  means  of  linen  washed  with  dis- 

»  Tiedcmann'a  Zeitschrift,  vol  2.  p.  223.  «  Stark,  p.  1 127. 

*  Vorlesungen  iiber  Semiotik,  p.  388.  «  Loodon  Med.  Gaz.  vol  15,  Oct  1834. 
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tilled  water)  from  the  breast  of  a  person  in  the  colliquative  stage  of 
tubercular  phthisis. 

2d.  Blood  or  its  constituents.  VoigteP  observed  an  instance  of 
bloody  sweat  from  under  the  arm  of  a  young  man ;  it  appeared  after 
any  violent  exertion.  In  scurvy,  putrid  fever,  and  typhus  icterodes, 
bloody  sweat  has  likewise  been  observed. 

3d.  Uric  acid  is  stated  to  have  been  found  in  the  sweat  of  arthri- 
tic persons  (Stark.)  WolflP  found  that  the  sweat  which  had  hard- 
ened on  the  forehead  into  a  solid  white  substance,  (in  a  patient  with 
stone  in  the  bladder,)  contained  uric  acid.  Urate  of  soda  is  likewise 
stated  to  have  been  found  in  the  sweat  of  persons  suffering  from  gout* 
or  stone. 

4th.  Bilin  and  biliphxin  have  been  found  in  the  sweat  of  per- 
sons with  jaundice,  and  sometimes  in  such  large  quantity  as  to  colour 
the  linen  yellow,  and  to  communicate  a  bitter  taste  to  the  perspira- 
tion. According  to  Berend,  the  sweat  in  febris  putrida  biliosa  like- 
wise contains  bile-pigment 

5th.  Bed  colouring  matter  of  the  urine  {uroerythrin)  was  found 
by  Landerer'  in  sweat  from  the  axilla  of  a  fever  patient  A  blue 
colouring  matter,  doubtless  allied  to  cyanurin,  has  occasionally  been 
observed  in  the  sweat  Dr.  Bleifuss^  has  seen  blue  sweat  from  the 
foot  of  a  patient  with  disease  of  the  abdomen.  Michel  has  likewise 
observed  it  in  an  hysterical  woman  and  in  a  hypochondriacal  man; 
it  was  most  marked  on  the  right  side  of  the  body.  Billard'  ob- 
served a  blue  sweat  on  the  upper  part  of  the  body  of  a  girl. 

6th.  Fat  is  stated  to  occur  in  colliquative  hectic  sweats. 

d.  Substances  altogether  foreign  to  the  animal  organism  may  be 
conveyed,  through  the  process  of  digestion,  into  the  blood,  and  thus 
occur  in  the  sweat 

Landerer^  has  observed  in  his  own  person  that  after  taking  large 
doses  of  quinine,  the  sweat  assumed  a  bitter  taste  of  the  drug.  The 
following  substances  enter  into,  and  have  been  detected  in  the  sweat: 
sulphur,  mercury,  iodine,  iodide  of  potassium,  asafoetida,  garlic,  saf- 
fron, olive  oil,  rhubarb,  indigo,  prussian  blue,  and  copper.  (Stark, 
General  Pathology,  p.  1127;  Baumgartner,  Elements  of  Physiology 
lind  Therapeutics,  p.  486.) 

Many  of  these  statements,  regarding  the  change  undergone  by 
the  sweat  in  disease,  are  fully  confirmed;  some  must, however,  still 
be  regarded  as  doubtful. 

Sweat  ofanimab. 

Anselmino  has  analyzed  the  sweat  of  the  horse,  the  only  animal  of 
whose  sweat  we  have  any  accurate  knowledge.     He  used  for  his  ana- 

1  Staxk,  p.  1131.  2  Din.  sing.  ca«um  calculoatatia.    Tubu  1817. 

s  Bucbncr's  Rq)ert  2d  series,  voL  5,  p.  234. 

«  Wurtemberg,  Med.  CorrcqMiid.  Blatt  1835,  Na  26. 

«  Froriep's  Notiz.  32.  6  Buchiier*s  Repeit  16,  p»  233. 
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lysis  the  scaly  matter  that  falls  from  horses  during  the  process  of  cur- 
rying, in  the  form  of  a  white  powder,  and  consisting  of  dried  sweat 
mixed  with  a  considerable  amount  of  dirt  and  epithelium.  It  con- 
tained, 1st,  a  substance  with  an  acid  reaction,  soluble  in  anhydrous 
alcohol,  alcohol-extract,  together  with  an  alkaline  lactate  or  acetate; 
2d,  an  extract-like  matter,  soluble  in  alcohol  of  -833,  and  possessing 
an  odour  like  that  of  the  horse,  together  with  chloride  of  sodium;  3d, 
an  extractive  matter  soluble  in,  and  communicating  a  brown  colour  to 
water,  and  precipitable  by  infusion  of  galls,  together  with  chloride  of 
sodium  and  sulphates.  The  portion  still  undissolved  evidently  con- 
sisted of  epithelium.  Anselmino  regarded  it  as  coagulated  albumen; 
doubtless  it  was  in  it  that  the  phosphate  of  lime  and  magnesia  occurred, 
which  were  recognised  in  the  ash  of  the  sweat.  The  ash  consisted  of 
sulphates  of  potash  and  soda,  chlorides  of  sodium  and  potassium,  a  large 
proportion  of  the  phosphates  of  lime  and  magnesia  with  traces  of  iron, 
but  no  alkaline  carbonates  or  phosphates.  Anselmino  seems  to  have 
overlooked  the  ammonia-salts,  for  it  is  only  by  the  presence  of  hy- 
drochlorate  of  ammonia  that  we  can  explain  how  it  is  that  the  ash  con- 
tains no  alkaline  carbonate,  while  the  alcohol-extract  contains  either 
lactate  or  acetate  of  potash.  The  presence  of  acetic  acid  was  estab- 
lished by  a  separate  experiment.  Fourcroy  and  Vauquelin  sometimes 
fbund  small  quantities  of  urea  in  horses'  sweat,  but  Anselmino  could 
never  detect  it 

Fat. 

The  minute  sebaceous  glands  (folliculi  sebacei)  which  are  distri- 
buted over  the  whole  surface  of  the  body,  secrete  a  peculiar  fat,  which 
renders  the  skin  supple  and  flexible,  and  hinders  it  from  being  per- 
meated by  water.  The  composition  of  this  fat  varies  in  diflerent 
parts  of  the  body,  as  is  clear  from  the  variety  of  smell  which  it 
evolves  in  the  axilla,  on  the  generative  organs,  on  the  scalp,  and  on 
the  feet  of  many  persons.  It  is  usually  of  a  pale  yellow  colour,  not 
viscid,  and  insoluble  in  water,  with  which,  when  it  is  rubbed,  it  forms 
an  emulsion.  It  contains  relatively  only  a  small  amount  of  true  fat, 
and  is  associated  with  several  other  animal  matters,  (as,  for  instance, 
albumen,  and  extractive  matter,)  and  a  considerable  amount  of  inor- 
ganic salts.  Esenbeck  has  made  an  analysis  of  the  fat  collected  in  an 
enlarged  sebaceous  gland.  It  did  not  coagulate  on  boiling,  and  was 
precipitated  by  acids,  corrosive  sublimate,  and  tannin.  It  contained 
in  100  parts  : 

Stearin  .....  242 

Extractive  matter,  with  aome  olein  -  -  12^ 

Saltvaxy  matter 
Albumen  with  casein  C?) 


Fhoiphate  of  lime 

Caibonateof  lime 

Cartxnate  of  magnesia  - 

Traoea  of  acetate  of  soda,  diloride  of  aodhnn,  and  loss     -  37 

33 


11-6 

24-2 

20H) 

2-1 

1-6 
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CHAPTER  VII. 


THE    URINE. 


The  urine  is  an  extremely  complex  fluid,  but  the  relative  pro- 
portions of  its  difierent  constituents  are  not  very  variable.  The  fol- 
lowing are  the  ordinary  constituents  of  healthy  human  urine:  uret; 
uric  acid;  [hippuric  acid;]  extractive  matters,  embracing  alcohol-ex- 
tract, spirit-extract,  and  water-extract,  with  their  respective  consti- 
tuents; mucus;  brown  colouring  matter  of  the  urine  (hsemaphaein;) 
red  colouring  matter  of  the  urine  (uroerythrin;)  carbonic,  lactic,  hy- 
drochloric, sulphuric,  phosphoric,  silicic,  and  hydrofluoric  acids;^ 
soda;  potash;  ammonia;  lime;  magnesia;  and  peroxide  of  iron. 

Recently  discharged  urine  ordinarily  possesses  the  mean  tempera- 
ture of  the  body ;  it  is  of  an  amber  yellow  colour,  perfectly  trans- 
parent, has  a  well-marked  acid  reaction,  and  exhales  a  peculiar  but  not 
disagreeable  odour,  which  it  loses  on  cooling.  Its  specific  gravity 
fluctuates  from  1005  to  1030,  the  average  being  about  1012*5.  It 
has  a  saline  and  disagreeably  bitter  taste;  it  undergoes  no  apparent 
change  upon  being  heated  to  the  boiling  point,  and  its  behaviour 
towards  reagents  is  dependent  upon  that  of  its  various  constituents, 
although  modified  by  the  very  dilute  state  in  which  they  occur. 
Acids,  with  the  exception  of  the  oxalic,  which  produces  a  turbidity, 
throw  down  no  precipitates;  the  free  alkalies,  on  the  contrary,  throw 
down  the  phosphate  of  lime:  the  sails  of  baryta,  silver,  and  lead, 
cause  precipitates;  so  also  does  tannin,  but  in  a  less  degree. 

When  urine  is  left  to  itself  for  some  time,  slight  nebulae,  consist- 
ing of  mucus,  are  formed  in  it,  which  gradually  descend  to  the  bot- 
tom. Soon  after  the  appearance  of  this  phenomenon,  an  unpleasant 
odour  is  developed;  instead  of  an  acid,  an  alkaline  reaction  is  ob- 
served, and  carbonate  of  ammonia  is  formed,  which  causes  more  or 
less  turbidity,  by  precipitating  the  ammoniaco-magnesian  phosphate, 
and  phosphate  of  lime.  A  portion  of  these  salts,  associated  with 
mucus,  forms  a  greasy  whitish  scum,  in  which,  by  means  of  the  mi- 
croscope, beautiful  crystals  of  ammoniaco-magnesian  phosphate  may 
be  seen,  mixed  with  an  amorphous  mass  of  phosphate  of  lime  and 
decomposed  mucus.  On  treating  the  urine  in  this  state  with  hy- 
drochloric acid,  it  effervesces,  in  consequence  of  the  presence  of  car- 
bonate of  ammonia.  If  the  urine  is  allowed  to  stand  for  a  still  longer 
period,  the  smell  becomes  more  disagreeable;  cubic, and  four-  and  six- 
sided  prismatic  crystals,  composed  of  chloride  of  sodium,  hydrochlo- 
rate  of  ammonia,  and  phosphate  of  soda  and  ammonia,  are  produced 
in  consequence  of  the  concentration  produced  by  the  spontaneous 
evaporation,  and  the  urine  ultimately  becomes  covered  with  a  sort  of 
mould,  which  is  usually  of  a  blue  or  bluish-gray  colour. 

*  [In  addition  to  these  constitaents,  two  new  acids,  to  which  no  names  have  beeo  yet  aa- 
aigned,  have  been  described  by  Pettinkofer  and  Heintz.] 
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We  have  no  certain  knowledge  regarding  the  manner  in  which  the 
acids  and  bases  combine  to  form  salts  in  fresh  healthy  urine.  We 
may  fairly  conclude  that  the  chloride  of  sodium  pre-exists  in  it; 
the  sulphuric  acid  is  generally  supposed  to  be  united  with  potash, 
phosphoric  acid  with  lime  and  magnesia,  and  if  (as  is  generally  the 
case)  more  phosphoric  acid  be  present  than  is  required  for  the  satu- 
ration of  these  earths,  the  excess  combines  with  soda,  and  if  there 
be  not  sufficient  soda  present  to  effect  the  saturation  of  the  acid,  the 
ammonia  combines  with  it,  forming  the  biphosphate  of  ammonia.  The 
lactic  acid  of  the  urine  is  partly  free,  and  partly  combined  with 
ammonia,  potash,  and  soda.  Uydrochlorate  of  ammonia  is  also 
supposed  to  pre-exist  in  the  urine.  Carbonic  acid,  when  it  occurs 
in  the  urine,  is  held  in  solution  and  in  a  free  state.  Uric^  acid 
is  supposed  by  Berzelius  to  exist  in  a  free  state  in  solution  in  the 
urine,  although  warm  urine  usually  holds  a  larger  quantity  of  uric 
acid  in  solution  than  an  equal  quantity  of  water  at  the  same  tem- 
perature could  retain.  There  is,  however,  this  point  in  favour  of 
his  view,  that  the  uric  acid,  which  separates  spontaneously  from  the 
urine  on  cooling,  contains  mere  traces  of  ammonia  and  soda,  and  he 
conceives  that,  in  all  probability,  the  uric  acid  is  held  in  solution 
through  the  agency  of  some  of  the  other  constituents  of  the  urine. 

[Liebis'  has  shown  that  uric  acid  possesses  the  property  of  com- 
bining with  a  portion  of  the  soda  of  the  alkaline  phosphate  of  soda, 
and  acquires  in  the  combination  a  higher  degree  of  solubility  than  it 
possesses  in  its  uncombined  state,  at  the  ordinary  temperature  of  the- 
body.  By  this  reaction  there  are  produced  a  urate  of  soda  and  an 
acid  phosphate  of  soda.] 

Prout,  on  the  contrary,  is  of  opinion  that  the  uric  acid  is  held  in 
solution  in  the  urine  in  the  state  of  urate  of  ammonia,  a  combination 
which  probably  always  occurs  in  healthy  urine,  and  which  is  often 
found  in  large  quantity  in  the  urine  of  diseased  persons,  giving  rise 
to  the  formation  of  sediments.  The  real  state  of  the  case  may  be, 
that  normal  urine  contains  both  free  uric  acid  and  urate  of  ammonia. 

Qualitative  analysis  of  healthy  urine. 

The  qualitative  analysis  of  healthy  urine  seldom  presents  any  great 
difficulty.  Many  of  its  constituents  may  be  detected  with  ease,  un- 
less, as  is  sometimes  the  case,  they  exist  in  very  minute  quantity. 
Others,  as  for  instance  the  extractive  matters,  can  only  be  detected 
with  any  degree  of  certainty  by  isolating  them,  in  the  same  manner 
as  is  done  in  quantitative  analysis. 

The  analysis  of  the  urine  is  something  like  that  of  mineral  waters; 

»  [It  is  stated  in  page  54,  that  the  formula  for  hydrated  uric  acid  isC,^N.H,O,-f-H0. 
From  variotui  analyses  of  urates  by  Bensrh  (Liebi^s  Annalcn,  toL  54,  p.  IbO,)  there  is  reason 
10  believe  that  the  true  fomiula  is  C.N,HO,  -fHO.] 

>  Lancs^  June,  1844. 
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some  of  the  constituents  may  be  at  once  recognised  by  the  addition 
of  a  testy  while  we  can  only  be  assured  of  the  presence  of  others,  by 
separating  them  in  a  distinct  and  isolated  state. 

The  specific  gravity  of  the  urine  is  most  accurately  determined 
hy  the  ordinary  1000-graln  glass  bottle.  An  areometer  will  give  the 
result  with  less  trouble,  but,  at  the  same  time,  with  less  accuracy. 

BecquereP  has  published  a  table  for  the  purpose  of  enabling  us  to 
calculate  the  amount  of  the  solid  constituents  in  a  known  weight  of 
urine,  from  the  observed  specific  gravity,  [but  it  has  been  proved  to 
give  results  on  which  no  dependence  can  be  placed.^ 

1.  Urea.  This  constituent  seldom  occurs  so  abundantly  in  the 
urine,  as  to  be  immediately  detectible  by  the  addition  of  any  reagent 
A  portion  of  urine  is  usually  evaporated  in  the  water-bath  to  the 
consistence  of  a  syrup,  anhydrous  alcohol  is  added,  and  the  alcoho- 
lic solution  is  filtered,  and  evaporated  on  the  water-bath  nearly  to 
dryness;  some  drops  of  water,  and  subsequently  of  nitric  acid  are 
added,  upon  which  crystals  of  stellar  and  foliated  shapes  very 
speedily  develop  themselves. 

Upon  leaving  the  alcoholic  extract  to  spontaneous  evaporation, 
long  acicular  crystals  of  urea  will  be  formed;  on  examining  some  of 
them  under  the  microscope,  they  will  be  found  to  present  the  appear- 
ance of  four-sided  prisms,  as  shown  in  figure  20.  If,  (which  however 
is  not  often  the  case,)  the  urea  should  be  present  in  very  small 
quantity,  and  no  crystals  are  formed  for  some  time  after  the  addition 
of  nitric  acid,  it  only  requires  a  microscopic  examination  to  ascertain 
whether  the  crystals  are  those  of  nitrate  of  urea :  if  they  are,  they 
will  occur  in  the  forms  indicated  in  fig.  21.  If,  instead  of  nitric, 
oxalic  acid  has  been  used  for  the  detection  of  the  urea,  we  obtain  the 
forms  represented  in  fig.  22. 

2.  Uric  acid.  It  is  but  seldom  that  the  uric  acid  exists  in  such 
large  amount,  as  to  be  precipitated  in  the  form  of  a  fine  crystalline 
red  sediment  when  the  urine  cools.  When,  however,  this  is  the  case, 
the  crystals,  under  the  microscope,  exhibit  the  rhomboid  form  shown 
in  fig.  23.  Another  method  of  proving  that  the  sediment  consists 
of  uric  acid,  is  to  place  some  of  it  in  a  porcelain  capsule  moistened 
with  nitric  acid,  and  to  apply  heat  till  the  acid  evaporates.  A 
purple-red  colour  then  appears  which  is  characteristic  of  uric  acid : 
this  colour  becomes  more  intense  on  the  approximation  of  a  rod 
dipped  in  ammonia.  If  no  crystalline  sediment  is  deposited  as  the 
urine  cools,  two  or  three  drachms  of  hydrochloric  acid  must  be 
added  to  six  or  eight  ounces  of  urine,  and  the  mixture  must  be  al- 
lowed to  stand,  covered,  for  twenty-four  to  forty-eight  hours.  A 
red  or  reddish-brown  sediment  of  uric  acid  then  separates,  consisting 
of  crystals  of  the  forms  represented  in  fig.  23a,  and  23d. 

1  S^ra^iotique  des  Urinea,  p.  17. 

^  [On  the  specific  gnvity  of  the  urine  in  health  and  diaeaie,  6i|wdaIIy  in  diahetea  and  gra- 
nular deg^eneration  of  the  kidneys.    By  George  £.  Day.    Lancet,  June  15, 1844.] 
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2*.  [Hippuric  acid  is  regarded  by  Liebig^  as  an  invariable  con- 
stituent of  ordinary  human  urine.  <^All  the  urine  taken  in  this 
country  from  individuals  living  upon  a  mixed  animal  and  vegetable 
diet,  contains  hippuric  as  well  as  uric  acid,  and  about  the  same  pro- 
portion of  both  acids.  Hippuric  acid  may  be  obtained  in  the  fol- 
lowing manner,  even  from  proportionally  small  amounts  of  fresh 
urine: — Fresh  urine  is  evaporated  in  a  water-bath  to  the  consistence 
of  a  syrup ;  it  is  then  mixed  with  some  hydrochloric  acid,  and  agi- 
tated with  its  own  volume  of  ether,  which  latter  substance  dissolves 
the  hippuric  acid.  It  usually  happens  that  the  mixture  does  not 
separate  spontaneously,  but  that  the  ether  remains  enclosed  by  the 
fluid,  like  froth;  the  separation  of  the  ether  takes  place  immediately 
upon  adding  to  the  mixture,  after  having  allowed  it  to  stand  at  rest 
for  an  hour,  one-twentieth  part  of  its  volume  of  alcohol.  In  this  case 
the  froth  disappears,  and  the  fluid  separates  into  two  layers;  the 
upper  layer  contains  the  hippuric  acid  in  solution;  but  besides  it  also 
contains  urea,  owing  to  the  addition  of  the  alcohol.  This  upper 
layer  is  carefully  removed  by  means  of  a  pipette  or  syphon,  and  agi- 
tated with  small  portions  of  water;  the  water  removes  the  alcohol 
and  the  urea,  whilst  the  hippuric  acid  remains  in  solution  in  the  ether. 
By  evaporating  the  ethereal  solution  the  hippuric  acid  is  obtained  in 
crystals.  The  crystals  produced  are  usually  of  a  yellowish  or  brown 
colour,  arising  from  the  presence  of  a  resinous  substance,  which  may 
be  easily  and  completely  removed  by  means  of  charred  blood.' 

^In  its  pure  state  the  hippuric  acid  produced  from  human  urine 
presents  the  same  long,  shining,  transparent,  four-sided  obliquely- 
tnincated  prisms,  by  which  the  hippuric  acid  produced  from  the  urine 
of  animals  is  so  easily  detected  and  distinguished  from  benzoic  acid. 
(See  flg.  23.)  The  hippuric  acid  of  human  urine  is  not  volatile  at 
the  subliming  temperature  of  benzoic  acid;  at  a  higher  temperature 
it  undergoes  fusion,  forming  a  brown-red  liquid,  and  yielding  upon 
dry  distillation  the  same  products  which  common  hippuric  acid  forms 
under  the  same  circumstances,  viz.,  a  red-coloured  oil  smelling  like 
tonka-beans,  ammonia,  benzoic  acid,  and  a  copious  residue  of  carbon. 
It  dissolves  in  nitric  acid  at  a  high  temperature,  and  yields,  upon 
cooling,  crystals  of  benzoic  acid,  owing  to  the  decomposition  which 
it  undergoes. 

"From  0-499  of  hippuric  acid  produced  from  urine,  r0791  of 
carbonic  acid  and  0-2317  of  water  were  obtained.  This  gives  for 
100  parts — 

1  Lancet,  June,  1844. 

2  [The  following  is  a  simple  method  of  obtaining  pure  crystals  of  hippuric  add  firom  human 
urine.  Evaporate  the  urine  till  there  is  a  copious  deposition  of  salts.  Add  strong  alcohol,  and 
place  the  mixture  in  a  stoppered  bottle.  With  the  aid  of  a  gentle  heat,  (fix  instance,  by  placing 
the  bottle  in  warm  water,)  wc  ensure  the  solution  of  the  urea,  the  lactates  (if  any  are  pieaent) 
aiul  the  hippurates  in  the  alcohol,  whilst  the  urates  remain  with  the  insolublo  constituentg. 
When  the  supernatant  fluid  is  perfectly  clear,  it  must  be  decanted,  eTaporatcd  vcnr  nearly  to 
drx'nesB,  and  redinolved  in  hot  water.  If  a  stream  of  chlorine  be  passed  through  tne  aqueous 
solution,  the  urea  is  destroyed;  and  by  gradual  concentrationi  and  the  addition  of  a  little  free 
mineral  acid,  we  obtain  crystals  of  hippuric  acid.] 

33* 
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Foand.  Calculated. 

Carbon  -        -        -        59-47        -        -  60-89 

Hydrogen      -        -        -         515        -        -  4*45 

This  analysis  corresponds  sufficiently  with  the  calculated  results  to 
remove  all  doubt  as  to  the  nature  of  the  acid;  it  will  be  perceived 
that  it  contains  10§  less  carbon  than  benzoic  acid."] 

3.  Extractive  matters.  The  exhibition  of  the  divisions  of  ex- 
tractive matter,  namely,  the  water-extract,  the  spirit-extract^  and  the 
alcohol-extract,  can  only  be  effected  by  evaporating  the  urine,  and 
treating  it  with  alcohol,  as  we  shall  presently  show  in  speaking  of 
the  quantitative  analysis  of  this  fluid.  Little  has  yet  been  done  in 
this  department  of  chemisty*y,  but  the  presence  of  the  extractive  mat- 
ters can  generally  be  easily  recognised  by  the  addition  of  certain 
tests:  for  instance,  acetate  of  copper,  chloride  of  tin,  perchloride  of 
iron,  and  sulphate  of  protoxide  of  iron,  throw  down  precipitates  from 
freshly-passed  urine;  and  bichloride  of  mercury,  nitrate  of  tin,  and 
tannic  acid,  cause  a  decree  of  turbidity.  There  is,  however,  no 
certain  proof,  although  there  is  every  probability  that  normal  urine 
in  all  cases  behaves  in  this  way  with  the  above  tests.  The  extractive 
matters  which  I  formerly  separated  from  the  urine  were  not  precipi- 
tated by  the  salts  of  iron,  while,  on  the  contrary,  its  perchloride 
throws  down  a  copious  precipitate  in  a  specimen  of  urine,  which  I 
am  now  analyzing. 

Berzelius  states,  that  after  urine  has  been  neutralized  by  an  alkali, 
precipitates  are  induced  by  the  salts  of  zinc,  tin,  and  mercury :  I 
find  that  fresh  urine,  with  a  strong  acid  reaction,  becomes  clouded 
or  deposits  a  sediment  upon  the  addition  of  these  salts. 

4.  Mucus.  Mucus  in  the  urine  is  readily  detected  by  the  micro- 
scope. We  take  up  with  a  spoon  a  portion  of  the  separated  nebulous 
matter,  and  on  placing  it  on  the  object-glass  we  can  easily  recognise 

he  mucus-granules,  and  frequently  a  few  epithelium-scales. 

5.  Hsemaphxin.  It  is  this  constituent  which  gives  to  healthy 
urine  its  amber  or  brownish-yellow  colour.  The  variations  in  the 
tints  of  the  urine  are  dependent  upon  the  quantity  of  this  colouring 
matter. 

[^Scharling*  has  recently  examined  the  brown  organic  matter 
which  gives  the  colour  to  inspissated  urine,  and  seems  also  to  be  the 
source  of  its  peculiar  odour.  By  treating  urine  concentrated  by  the 
application  of  a  freezing  mixture,  with  ether,  and  evaporating,  he 
obtained  a  brown  fusible  resinous  mass,  which  he  calls  oxide  of 
omichmyle,  and  supposes  to  contain  a  radical,  omichmyle,  the  com- 
position of  which  is  still  unknown. 

It  has  a  strong  odour  of  castoreum,  and  when  heated  smells  like 

1  Ann.  ikr  Chemie  und  Fhannacie,  voL  42,  p.  2G5. 
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urine.     It  dissolves  in  alcohol,  forming  a  solution  that  reddens  litmus. 
It  burns  with  a  clear  flame,  leaving  scarcely  any  ash.] 

6.  Uroerythrin.  This  red  colouring  matter  exists  only  in  very 
small  quantity  in  healthy  urine,  and  cannot  be  'easily  detected  by 
tests.  It  is  always  associated  with  uric  acid,  and  seems  to  increase 
and  decrease  in  the  same  proportion  as  that  constituent  It  is  precipi- 
tated with  the  uric  acid  and  urate  of  ammonia,  to  the  former  of  which 
it  appears  to  enact  the  part  of  a  mild  base,  imparting  to  it  a  more  or 
less  deep  red  colour.  This  constituent  can  therefore  be  detected  by 
the  addition  of  hydrochloric  acid  to  the  urine,  in  the  manner  already 
described  in  speaking  of  uric  acid.  In  some  few  diseased  states, 
we  find  a  gray  or  yellow  precipitate  of  uric  acid,  as  if  this  constituent 
wa.«»  present  in  large  quantity,  while  the  uroerythrin  was  deficient: 
on  the  addition,  however,  of  hydrochloric  acid,  dark  coloured  uric 
acid  is  soon  precipitated. 

7.  Carbonic  acid  is  probably  a  constituent  of  healthy  urine,  ex- 
isting in  a  state  of  solution:  in  order  to  detect  it,  fresh  urine  must 
be  warmed  in  a  retort,  the  neck  of  which  rests  a  few  lines  under  the 
surface  of  lime-water.  The  presence  of  carbonic  acid  renders  the 
lime-water  turbid.  In  order  to  guard  against  the  production  of  car- 
bonate of  ammonia,  we  must  take  care  that  the  urine  is  not  submit- 
ted to  too  powerful  a  heat,  and  that  the  distillation  is  not  carried  too 
ikr. 


prhe  following  method  is  far  less  liable  to  give  erroneous  results.. 
It  IS  founded  on  the  principle  that  one  gas  passed  through  a  solution 
of  another  will  displace  it,  so  that  hydrogen  or  nitrogen  will  liberate 
carbonic  acid  and  dissolve  in  its  place.  A  series  of  Wolfe's  bottles  ' 
must  be  arranged,  so  that  hydrogen  gas  evolved  in  the  ordinary  man- 
ner from  the  first  shall  pass  through  a  strong  solution  of  caustic 
potash  to  free  it  from  any  carbonic  acid  that  may  be  mixed  with  it, 
and  then  through  another  bottle  containing  lime-water,  in  order  to 
certify  its  purity ;  in  the  next  bottle  through  the  urine  to  displace  the 
gas  dissolved  in  it,  and,  finally,  through  lime-water  a  second  time,  to 
show  if  the  displaced  gas  were  carbonic  acid  or  contained  it] 

8.  Zxiclic  acid  is  always  present  in  the  urine,  imparting  to  it  an 
acid  reaction.  It  may  be  presumed  that  the  carbonates  which  are 
left  upon  the  incineration  of  the  solid  residue  of  the  urine  correspond 
to  the  lactates,  because  lactates  with  fixed  bases  are  transformed  into 
carbonates  by  incineration,  and  because  the  other  salts  which  occur 
in  the  urine,  the  suU^bates,  phosphates,  and  hydrochlorates,  are  not 
similarly  changed.  It  may,  however,  happeu'that  no  carbonic  acid 
is  found  in  the  ash,  altlii^gh  there  has  oeen  a  large  proportion  of 
lactic  acid  in  the  urine  j  for  if  the  urine  contained  only  free  lactic 
acid,  or  lactate  of  ammonia,  or  even  the  lactates  of  soda  and  potash, 
at  the  same  time  with  phosphate  of  ammonia  or  chloride  of  ammo- 
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nium,  the  ash  might  be  devoid  of  carbonic  acid,  in  consequence  of  the 
liberated  phosphoric  or  hydrochloric  acid  uniting  with  the  baae.^ 

In  this  case  the  lactic  acid  would  have  to  be  determined  analy- 
tically. The  alcohol-extract  of  the  urine  contains  both  free  lactic 
acid  and  alkaline  lactates;  after  dissolving  it  in  absolute  alcohol,  pre- 
cipitating the  bases  by  sulphuric  acid,  filtering,  evaporating  the  sdco- 
hol,  dissolving  the  residue  in  water,  and  digesting  the  acid  solution 
with  oxide  of  zinc,  we  obtain  a  lactate  of  zinc,  which  may  be  decom- 

f)osed  by  free  baryta.  This  is  certainly  a  very  tedious  proceeding 
or  the  mere  qualitative  determination  of  lactic  acid,  and  need  never 
be  adopted:  since,  as  far  as  I  am  aware,  the  ash  (more  especially  the 
ash  of  the  spirit-extract,)  always  contains  carbonates,  and  as  the  pre- 
sence of  lactic  acid  in  healthy  urine  has  been  suflSciently  proved  by 
Berzelius. 

ilt  is  well  known  that  Liebig  denies  the  existence  of  lactic  acid 
the  lactates  in  the  urine;  and  as  the  subject  has  recently  attracted 
much  attention,  I  have  thought  it  advisable  to  state  the  grounds  upon 
which  that  chemist  has  arrived  at  his  conclusions.  "Lactic  acid,*' 
he  observes,  "  is  a  non-nitrogenous  substance.  Nothing  has  hitherto 
been  observed  tending  to  show  that  it  may  be  produced  from  the 
elements  pf  a  nitrogenous  substance,  by  the  decomposition  of  such  a 
substance  and  the  transposition  of  its  elements.  In  every  instance 
where  the  formation  of  lactic  acid  has  been  observed,  the  result  of 
careful  examination  has  proved  the  presence  of  a  non-nitrogenous 
substance  of  an  identical,  or,  at  least,  similar  composition  with  that 
acid. 

"These  observations  would  seem  to  render  the  formation  of  lactic 
acid  in  the  body  of  the  herbivorous  and  graminivorous  animals,  which 
take  starch  and  sugar  in  their  food  (substances  from  which  lactic  acid 
may  be  formed,)  not  merely  possible,  but  in  many  cases  highly  pro- 
bable; and  yet,  strange  to  say,  chemists  have  hitherto  attempted  in 
vain  to  detect  lactic  acid  in  the  urine  of  the  cow  and  of  the  horse. 
The  urine  of  the  cow  or  horse  has  no  acid  reaction  ;  on  the  contrary, 
its  reaction  is  strongly  alkaline:  it  contains  carbonated,  hippurated, 
or  benzoated  alkali,  or  alkalies  combined  with  mineral  acids,  but  no 
trace  of  any  lactate. 

"In  contrast  with  this,  the  urine  of  man,  and  of  carnivorous  ani- 
mals, manifests,  when  in  a  healthy  state,  a  strongly  acid  reaction. 
Now,  it  is  precisely  in  analyses  of  the  blood  and  urine  of  man,  and 
of  carnivorous  animals,  that  we  find  lactates  mentioned  as  solid 
constituents;  not  because  they  have  in  reality  been  detected  in  these 
fluids — for  no  one  has  as  yet  succeeded  in  producing  lactic  acid  there- 
from— but  because,  upon  examining  the  aqueous  and  alcoholic  extracts 

1  [It  has  been  recently  shown  by  Dr.  Golding  Bird  that  an  alkaline  acetate  ^and  the  obser- 
vation applies  equally  to  a  lactate)  may  exist  in  a  solution  of  phosphate  of  soda  in  conaidenible 
quantity,  and  yet  yield  no  carbonate  by  ignition.    The  reaction  is  explained  by  the  equation: 

NaO,C,H,0,  +HO,  2  NaO.PO  — 3NaO,  PO,  +  CO.,  HO  -fC,H,0. 
(Lond.  and  Edin.  Phil.  Mag.,  June,  1845.)] 
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of  blood  and  urine,  some  non-crystalline  matters  have  been  found 
which  sometimes  manifested  an  acid  reaction,  and  upon  incineration 
left  a  carbonated  alkali  as  a  residue,  thus  presenting  a  remote  similarity 
in  deportment  to  the  alkaline  lactates. 

'^From  what  substance  could  lactic  acid  be  formed  in  the  body  of 
carnivorous  animals?  With  the  exception  of  fat,  they  partake  of  no 
non-nitrogenous  matter  in  food,  no  substance,  in  fact,  so  far  as  we 
know,  capable  of  producing  lactic  acid.  Carnivorous  animals  par- 
take of  no  sugar,  no  starch,  no  gum,  no  mucus;  there  is  a  total  ab- 
sence of  the  non-nitrogenous  substances  which  form  so  large  a  part 
of  the  aliments  of  herbivorous  and  graminivorous  animals. 

"The  assumption,  a  priori^  that  neither  the  blood  nor  any  other 
fluid  in  the  body  of  carnivorous  animals  can  possibly  contain  any 
lactic  acid,  has  been  positively  established  by  the  experiments  of 
Enderlin,  (Annalen  der  Chemie  und  Pharmacie,  vols.  49  and  50.) 
Finally,  Pelouze  has  proved  that  the  experiments  of  Henry,  who 

Eretended  he  had  detected  lactate  of  urea  in  urine,  are  erroneous,  and 
y  no  means  to  be  relied  upon. 

^Consequently,  as  our  knowledge  of  this  subject  stands  at  present, 
the  acid  reaction  of  urine  cannot  proceed  from  lactic  acid.  And  al- 
though processes  of  transposition  take  place  in  the  healthy  animal 
body,  rendering  insoluble  substances  soluble  in  the  stomach  and 
bowels,  yet  these  processes  are  of  a  different  kind  from  that  process 
of  putrefaction  of  casein  in  milk  which  causes  the  formation  of  lac- 
tic acid. 

"Direct  experiments  prove  that  fresh  urine,  of  a  strongly  acid  re- 
action, and  taken  from  various  healthy  individuals,  when  cautiously 
neutralized  with  baryta  water,  does  not  retain  in  solution  the  least 
detect! ble  trace  of  baryta.  Now,  as  lactate  of  baryta  is  readily  solu- 
ble in  water,  the  urine  would  certainly,  and  of  necessity,  contain 
baryta,  if  its  acid  reaction  were  really  owing  to  the  presence  of  lac- 
tic acid.  Upon  the  addition  of  the  very  first  drop  of  the  baryta 
water  to  urine  an  extremely  copious  precipitate  is  formed:  this  pre- 
cipitate contains  urate  and  phosphate  of  baryta  and  of  lime,  but  no 
detectible  trace  of  baryta  is  found,  even  although  only  just  s^o  much 
baryta  water  is  added  as  to  leave  the  urine  still  possessing  a  feebly 
acid  reaction. 

"Carbonate  of  magnesia  and  calcined  magnesia  act  upon  urine  in 
precisely  the  same  manner.  If  either  of  these  substances  be  mixed 
with  water,  so  as  to  form  a  milky  fluid,  and  be  then  added  to  urine 
with  an  acid  reaction,  the  acid  reaction  will  immediately  cease,  and 
a  very  considerable  white  precipitate  be  formed.  The  fluid  now 
manifests  a  feebly  alkaline  reaction,  and  contains  a  trace  of  magnesia 
in  solution.  It  is  a  remarkable  circumstance  that  magnesia  with- 
draws the  phosphoric  acid  from  the  urine  so  completely,  that  a  mix- 
ture of  perchloride  of  iron  and  acetate  of  potash  no  longer  indicates 
a  trace  of  phosphoric  acid  in  the  urine  which  has  thus  been  treated 
with  magnesia. 
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^  Had  lactic  acid  been  the  solvent  of  the  lime  and  magnesia  pre- 
sent in  the  urine,  one  would  have  expected  that  a  corresponding 
amount  of  baryta,  or  of  magnesia,  would  have  taken  its  place  upon 
its  separation.  But,  as  I  have  already  observed,  not  a  trace  of  baryta 
is  found  in  solution  when  that  substance  has  been  employed  for  neu- 
tralizing the  acid,  and  only  a  slight  trace  of  magnesia  when  it  has 
been  used  for  the  same  purpose. 

<<But  as  urine  contains  a  certain  amount  of  alkaline  phosphates, 
i.  e.  phosphate  of  soda  and  phosphate  of  potash,  and  as  baryta  and 
magnesia  form,  with  phosphoric  acid,  insoluble  salts,  it  might  have 
been  supposed  that  the  neutral  lactates  formed  upon  the  neutralization 
of  the  urine  with  the  two  bases,  had  been  decomposed,  together  with 
the  phosphates  of  soda  and  potash  contained  in  the  urine,  and  trans- 
posed themselves  anew,  with  these  substances,  into  phosphate  of 
baryta  or  of  magnesia,  and  into  neutral  lactate  of  potash  or  soda.  In 
this  case  neither  baryta  nor  magnesia  could  remain  in  solution. 
This  circunwtance,  therefore,  renders  these  experiments  indecisive, 
and  leaves  the  question  as  to  the  presence  or  absence  of  lactic  acid 
in  urine  dependent  upon  more  direct  experiments. 

"I  employed  putrid  urine  in  my  attempts  to  detect  lactic  acid, 
because  lactic  acid  is  not  destroyed  by  putrefaction,  and  it  mus^ 
therefore,  of  necessity  be  present  in  putrid  urine  if  it  really  forms  a 
constituent  of  fresh  urine;  and  because  if  lactic  acid  can  at  all  be 
formed  by  the  putrefaction  of  urine,  from  matters  containing  pre- 
viously no  lactic  acid,  the  question  whether  lactic  acid  is  to  be  reck- 
oned among  the  constituents  of  normal  urine  is  at  once  practically 
decided ;  or,  more  correctly  speaking,  the  problem  is  proved  to  bia 
impossible  of  solution,  since  we  possess  no  means  of  positively  de- 
termining which  urine  may  be  considered  of  a  normal  constitution, 
and,  on  the  contrary,  which  is,  to  this  extent,  abnormal. 

*^As  matters  at  present  stand,  therefore,  with  regard  to  this  sub- 
ject, it  was  immaterial  whether  the  presence  of  lactic  acid  was  detect- 
ed in  fresh  or  in  putrid  urine;  if  it  was  found  to  exist  in  the  latter, 
this  fact  must  be  considered  as  a  confirmation  of  Berzelius'  exami- 
nation of  fresh  urine;  whilst  its  absence  from  putrid  urine  would 
justify  us  positively  in  asserting  that  it  does  not  form  a  constituent 
of  fresh  urine;  and,  moreover,  that  urine  contains  no  substance  giving 
origin,  by  means  of  putrefaction,  to  the  formation  of  lactic  acid. 

"I  have  come  to  the  latter  conclusion.  I  have  found  it  impossible 
to  detect  the  presence  of  lactic  acid  in  putrid  urine;  and  if  we  ex- 
amine somewhat  more  closely  and  minutely  the  experiments  made 
by  Berzelius,  and  from  which  he  inferred  the  presence  of  lactic  acid 
in  urine,  we  find  that  not  one  of  them  amounts  to  a  positive  proof 
that  lactic  acid  really  forms  a  constituent  of  fresh  urine. 

"The  experiments  which  I  made  for  the  purpose  of  ascertaining 
the  presence  of  lactic  acid  in  putrid  urine  are  the  following: 

Putrid  urine  was  first  evaporated  over  an  open  fire,  and  afterwards 
to  dryness  in  a  water-bath;  the  residue  was  treated  with  a  mixture  of 
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alcohol  and  milphuric  acid,  which  caused  the  solution  of  phosphoric 
acid,  hydrochloric  acid,  and  of  lactic  acid  also,  if  this  latter  substance 
were  really  present.  The  fluid  obtained  was  saturated  with  oxide  of 
lead,  and  then  filtered  off  from  the  phosphate,  sulphate,  and  chloride 
of  lead  formed;  the  lead  contained  in  solution  in  the  filtrate  was  se- 
parated by  means  of  sulphuretted  hydrogen.  The  solution  thus  freed 
from  lead,  and  which  ought  to  have  contained  the  lactic  acid  had 
there  been  any  present,  was  evaporated  in  a  water-bath,  and  the  re- 
sidue treated  with  alcohol:  a  quantity  of  common  salt  remained.  In 
order  to  remove  the  soda  from  the  alcoholic  solution,  effloresced  oxa- 
lic acid  was  dissolved  in  the  latter,  at  a  high  temperature,  and  the 
oxalate  of  soda  formed,  was  separated  from  the  fluid  by  filtration ;  the 
fluid  was  then  saturated  with  oxide  of  lead,  which  again  gave  rise  to 
the  formation  and  separation  of  chloride  of  lead.  The  solution  was, 
by  means  of  sulphuretted  hydrogen,  again  freed  from  the  lead  which 
had  dissolved,  then  concentrated  in  the  water-bath,  and  basic  acetate 
of  lead  added  in  excess;  a  copious  white  precipitate  was  formed,  from 
which  the  fluid  was  filtered  off.  This  fluid  must  contain  the  lactic 
acid  if  any  had  been  present  in  the  urine;  the  lead  which  this  fluid 
held  in  solution  was  precipitated  by  means  of  sulphuretted  hydrogen, 
the  fluid  filtered  off  from  the  precipitate,  concentrated  in  the  water- 
bath,  and  boiled  with  hydrate  of  baryta:  a  quantity  of  ammonia  was 
expelled  by  this  operation.  After  the  decomposition  of  the  ammo- 
niacal  salt  the  new-formed  salt  of  baryta  was  cautiously  decomposed, 
by  means  of  sulphate  of  zinc,  and  every  possible  means  was  applied 
to  obtain  from  this  fluid,  crystals  of  lactate  of  zinc,  but  without  suc- 
cess ;  no  trace  could  be  discovered. 

«*  The  white  precipitate  obtained  by  means  of  the  basic  acetate  of 
lead  contained  hydrochloric  acid,  and  a  brown  resinous  substance, 
which,  upon  combustion,  comported  itself  like  an  animal  substance. 

^  In  other  experiments  the  putrid  urine  was  boiled  until  all  the 
carbonate  of  ammonia  it  contained  was  completely  expelled;  then, 
with  addition  of  hydrate  of  lime  to  destroy  the  remaining  salts  of 
ammonia,  evaporated  to  dryness,  and  the  residue  treated  with  cold 
water,  which  must  have  dissolved  lactate  of  lime  had  any  lactic  acid 
been  present  in  the  urine.  The  aqueous  extract  was  evaporated  to 
dryness,  and  the  residue  agiyn  treated  with  alcohol;  the  fluid  obtained 
contained  a  copious  amount  of  lime  combined  with  an  organic  acid; 
the  lime  was  then  removed  by  the  addition  of  oxalic  acid,  and  the 
excess  of  oxalic  acid  by  the  addition  of  oxide  of  lead;  the  minute 
trace  of  dissolved  oxide  of  lead  was  removed  by  means  of  charred 
blood.*  The  fluid  obtained  was  very  acid;  it  contained  hydrochloric 
acid,  which  was  removed  by  the  addition  of  oxide  of  silver;  a  por- 
tion of  the  fluid  filtered  off  from  the  hydrochlorate  of  silver  was  sa- 
turated with  oxide  of  zinc,  and  left  to  crystallize,  but  no  lactate  of 
zinc  was  obtained;  the  fluid  settled  into  a  dark-coloured  resinous 
mass.  Another  portion  of  this  acid  fluid  was  evaporated  in  the 
water-bath;  a  quantity  of  acetic  acid  was  expelled  during  the  evapo- 
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ration,  and  there  remained  at  last  only  a  very  minute  amount  of  a 
resinous  matter,  which  upon  calcination  emitled  a  very  fetid  odour. 

**  All  the  other  experiments,  which  I  made  in  order  to  detect  lac- 
tic acid  in  putrid  urine,  and  a  detailed  description  of  which  would  be 
as  tedious  as  useless,  gave  the  same  negative  result  These  experi- 
ments were  usually  made  upon  quantities  of  from  forty  to  fifty  pounds 
of  urine,  so  that  even  a  very  minute  amount  of  lactic  acid,  if  really 
present  in  the  urine,  could  not  have  escaped  detection.  All  these 
experiments  indicated  the  presence  of  an  organic  acid,  but  after  the 
removal  of  all  the  inorganic  acids  and  bases  contained  in  the  urine, 
this  acid  turned  out  to  be  a  mixture  of  acetic  acid  with  a  brown  re- 
sinous substance  rich  in  nitrogen. 

"  The  presence  of  acetic  acid  in  putrid  urine  docs  not  warrant  us 
to  infer  that  this  acid  is  present  also  in  fresh  urine;  on  the  contrary, 
the  experiments  made  with  regard  to  this  matter  prove  that  fresh 
urine  contains  no  acetic  acid.  I  have  treated  it  exactly  in  the  same 
manner  as  putrid  urine,  and  have,  by  distillation  with  oxalic  acid, 
obtained  a  fluid  of  a  strongly  resinous  odour,  but  not  possessing  any 
acid  reaction.  When  employing  sulphuric  acid  and  hydrochloric 
acid  the  distillate  was  acid,  but  the  acid  reaction  proceeded  from  hy- 
drochloric acid." 

In  the  analyses  of  Lehmann,  to  which  we  shall  presently  refer* 
the  lactic  acid  is  determined  quantitatively  in  a  large  number  of  cases. 
The  following  independent  investigations  of  Heintz  and  Pettinkofer 
are  important,  as  offering  a  clue  to  the  real  nature  of  the  crystals  as- 
sumed by  Lehmann  and  other  chemists,  to  consist  of  lactate  of 
zinc. 

In  the  observations  of  Liebig,  quoted  above,  it  is  assumed  that 
as  lactic  acid  is  not  destroyed  by  putrefaction,  it  cannot  be  altered  in 
putrefied  urine.  Heintz  conceived  that  during  the  putrefaction  of 
the  urine  certain  causes  might  prevail  to  cause  the  destruction  of 
the  lactic  acid,  and  in  order  to  determine  the  point  he  instituted  the 
following  experiment 

<*About  fifty  pounds  of  fresh  urine,  obtained  from  several  young 
healthy  men,  were  first  evaporated  over  a  free  fire,  and  then  in  the 
water-bath;  the  extract  obtained,  exhausted  with  alcohol,  to  which  a 
sufiBcient  quantity  of  dilute  sulphuric  acid  had  been  added.  The 
acid  solution  was  saturated  with  oxide  of  lead,  the  precipitate  filtered, 
the  liquid  much  evaporated,  and  the  urea  contained  in  this  concen- 
trated solution  precipitated  with  pure  oxalic  acid.  A  considerable 
quantity  of  oxalate  of  urea  was  obtained,  which,  after  washing  with 
water  and  re-crystallization,  separated  in  perfectly  white,  large  crys- 
tals. The  liquid,  separated  by  pressure  from  the  urea,  from  which 
it  was  now  almost  free,  was  evaporated  to  dryness,  extracted  with 
alcohol,  and  efi9oresced  oxalic  acid  added  to  the  solution  to  remove 
the  soda.  The  oxalate  of  soda  was  separated  by  filtration,  the  filtered 
solution  saturated  with  oxide  of  lead,  and  then  precipitated  with 
basic  acetate   of  lead.     The  lead  was  removed  from  the  filtered 
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liquid  by  sulphuretted  hydrogen;  the  filtered  solution  was  concen- 
trated over  the  water-bath,  and  boiled  with  hydrate  of  baryta,  when 
a  considerable  disengagement  of  ammonia  resulted.  The  salt  of 
baryta  obtained  in  solution  was  decomposed  with  sulphate  of 
zinc,  in  such  a  manner  that  only  a  slight  excess  of  this  fatter  re- 
mained in  the  solution.  It  was  then  evaporated  to  a  small  volume^ 
when  some  delicate  microscopic  crystals  separated,  which  were 
at  first  taken  for  lactate  of  zinc,  but  on  examination  under  the  micro- 
scope they  soon  proved  to  be  distinct  The  lactate  of  zinc,  for  in- 
stance, forms  needles  with  acute  dihedral  summits,  while  the  crystals 
of  the  zinc  salt  obtained  from  the  urine  have  truncated  terminal  sur- 
faces. To  ascertain  more  precisely  the  nature  of  the  acid  combined 
with  the  oxide  of  zinc  in  this  salt,  the  crystals  were  separated  as  care- 
fully as  possible  from  the  mother-ley,  pressed  between  blotting-paper, 
dissolved  in  a  large  quantity  of  boiling  water,  in  which  they  were  but 
sparingly  soluble,  and  allowed  to  crystallize  by  cooling.  The  mother- 
ley  afiorded  more  crystals  on  further  evaporation.  They  were  again 
separated  from  adhering  liquid  by  pressure. 

<<The  zinc  salt  thus  obtamed  had  a  faint  greenish-yellow  tint,  and 
was  therefore  probably  not  quite  pure,  although  its  solution  was  per- 
fectly colourless.  The  acid  was  isolated  from  this  salt  by  means  of 
sulphuretted  hydrogen ;  after  separation  of  the  sulphuret  the  solution 
was  entirely  free  from  zinc.  The  liquid,  which  had  a  strong  acid  re- 
action, was  freed  by  boiling  from  the  excess  of  sulphuretted  hydrogen, 
and  evaporated  on  the  water-bath.  When  it  had  become  sufficiently 
concentrated,  the  acid  separated  in  prismatic  crystals,  which  appeared 
to  form  quadrilateral  rectangular  columns  and  tables.  It  is  easily 
soluble  in  water,  and  separates  in  crystals  on  evaporation;  the  solu- 
tion has  a  strong  acid  taste,  and  reddens  litmus^paper.  It  likewise 
dissolves  in  alcohol,  but  not  quite  so  easily  as  in  water;  ether  dis- 
solves scarcely  a  trace  of  it.  Heated  on  platinum  foil  it  melts,  be- 
comes brown,  and  leaves  behind  a  coal,  which  is  difficult  of  com- 
bustion, but  which  disappears  entirely  by  stronger  heat. 

^From  the  mode  of  preparation  it  is  evident  that  the  acid  forms 
with  oxide  of  zinc  a  very  sparingly-soluble  salt,  which  separates  in 
microscopic  crystals.  When  the  acid  is  supersaturated  with  ammo- 
nia, and  the  solution  evaporated  on  the  water-bath,  so  much  ammo- 
nia escapes  that  it  again  becomes  acid;  if  it  be  evaporated  to  dryness, 
so  that  all  the  ammonia  that  could  escape  at  this  temperature  is  ex- 
pelled, and  caustic  potash  be  added  to  the  mass,  a  considerable  quan- 
tity of  ammonia  is  given  ofi*;  therefore  it  appears  that  this  acid,  like 
many  organic  acids,  forms  acid  salts.  The  ammonia-salt  obtained 
in  this  manner  is  somewhat  more  difficult  of  solution  in  water  than 
the  acid  itselfl  When  the  acid  is  accurately  neutralized  with  pot- 
ash, it  forms  an  easily-soluble  salt,  the  solution  of  which  afibrds  no 
precipitate  with  sulphate  of  copper.  The  oxide  of  copper  is  not 
thrown  down  from  this  mixture  by  an  excess  of  potasn,  but  the 
34 
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colour  of  the  solution  becomes  somewhat  darker.  Acetate  of  lead 
produces  a  slight  turbidity,  most  probably  arising  from  a  small  quan- 
tity of  some  impurity.  No  precipitate  is  obtamed  with  nitrate  of 
silver,  and  the  mixture,  after  having  been  rendered  ammoniacal,  is 
not  altered  by  boiling.  A  solution  of  perchloride  of  iron,  rendered 
neutral  by  ammonia,  produces  no  precipitate.  It  differs,  therefore, 
in  this  respect  from  hippuric  acid. 

<<  The  author  has  not  yet  been  able  to  ascertain  the  composition 
of  this  acid,  in  consequence  of  the  small  amount  which  he  obtained 
from  50  lbs.  of  urine.  It  amounted  to  about  eight  grains,  and  was  not 
perfectly  white.  But  it  was  easy  to  prove  that  it  contained  nitrogen 
in  considerable  quantity."^ 

Pettenkofer  precipitates  the  alcoholic  extract  obtained  from  care- 
fully evaporated  human  urine,  previously  neutralized  with  carbonate 
of  soda,  with  a  concentrated  alcoholic  solution  of  chloride  of  zinc. 
A  brown  amorphous  precipitate  containing  zinc  is  soon  thrown  down; 
but  after  standing  for  several  hours,  small  granular  and  rather  hard 
crystals  are  deposited  on  the  sides  of  the  glass,  which  gradually  in- 
crease to  such  an  extent  as  to  form  perfect  incrustations.  On  collect- 
ing the  amorphous  precipitate  and  the  crystals  on  a  filter,  and  boiling 
with  a  sufScient  quantity  of  water,  the  amorphous  precipitate  remains 
insoluble,  while  the  crystals  gradually  dissolve.  On  evaporating  the 
aqueous  solution  a  vellow  crystalline  residue  is  obtained,  which  in 
many  of  its  physical  characters  resembles  lactate  of  zinc.  Under  the 
microscope  these  crystals  appear  as  very  beautiful  four-sided  prisms, 
with  an  oblique  terminal  surface.  They  are  with  difiBculty  soluble 
in  water,  and  are  insoluble  in  strong  alcohol  and  ether.  In  the 
aqueous  solution  we  may  detect  chlorine,  zinc,  and  an  organic  sub- 
stance very  rich  in  nitrogen.  Repeated  boiling  with  strong  alcohol, 
or  washing  with  cold  water,  removes  all  the  salts  (chiefly  metallic 
chlorides)  attached  to  the  crystals,  and  if  they  are  then  again  dis- 
solved in  water  and  heated  with  hydrated  baryta,  the  oxide  of  zinc 
is  precipitated,  and  carries  with  it  the  greater  part  of  the  adhering 
colouring  matter.  The  oxide  of  zinc  and  the  excess  of  bairta  are 
then  removed  as  carbonates,  by  passing  a  stream  of  carbonic  acid 
through  the  solution;  the  filtered  liquid  which  contains  chloride  of 
barium  and  the  organic  substance  is  evaporated  to  dryness  in  the 
water-bath;  the  residue  is  dissolved  in  spirit,  and  sulphuric  acid  add- 
ed in  order  to  separate  the  baryta;  filtration  is  then  requisite.  The 
solution,  in  which  sulphuric  and  hydrochloric  acids,  and  the  organic 
substances,  are  now  contained,  is  boiled  with  oxide  of  lead,  which  re- 
moves the  acids;  and  any  excess  of  lead  in  the  filtered  solution  is  re- 
moved by  sulphuretted  hydrogen.  On  evaporating  the  filtered  solu- 
tion in  a  water-bath  we  obtain  a  white  crystalline  mass,  neutral  in 
its  reaction,  with  a  slightly  bitter  pungent  taste,  and  easily  soluble  in 
water  and  alcohol.  The  addition  of  bichloride  of  platinum  to  the 
alcoholic  solution  causes  no  precipitate,  but  chloride  of  zinc  throws 
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down  a  copious  white  deposite,  which,  on  being  dissolved  in  water 
and  evaporated,  reproduces  the  crystals  of  the  zinc-compound  exactly 
as  they  crystallized  from  the  urine. 

The  pure  organic  substance  gave,  as  the  mean  of  several  analyses: 

'  Caibon  -              -              . 

Hydrogen  -               .               - 

Nitrogen  ... 

Oxygen  -              -              - 

Hence  it  may  be  expressed  by  the  formula  C^H  N3O3.  Human 
urine  emitted  in  the  morning  contains  about  *5§  of  tnis  body.]^ 

9.  Hydrochloric  acid.  The  presence  of  this  acid  is  easily  shown. 
A  portion  of  urine  is  treated  with  a  little  nitric  acid,  and  nitrate  of 
silver  is  then  added,  which  produces  a  tolerably  abundant  curd-like 
precipitate  of  chloride  of  silver. 

10.  Sulphuric  acid  is  always  present  in  healthy  urine.  On  treat- 
ing a  portion  with  nitric  acid,  and  then  adding  chloride  of  barium,  a 
white  precipitate  or  turbidity  may  be  observed,  which  is  due  to  the 
formation  of  sulphate  of  baryta. 

11.  Phosphoric  acid  is  recognised  by  the  addition  of  free  am- 
monia to  fresh  urine;  earthy  phosphates  are  immediately  precipitated. 
In  order  to  demonstrate  the  presence  of  alkaline  phosphates,  lime 
water  is  added  to  urine  from  which  the  eartby  phosphates  have  been 
removed  by  filtration;  phosphate  of  lime  is  then  precipitated.  Or, 
after  the  sulphuric  acid  has  been  precipitated  with  a  baryta-salt,  am- 
monia may  be  added  to  the  filtered  fluid,  upon  which  phosphate  of 
baryta  will  be  precipitated. 

12.  SUkic  acid.  The  only  method  of  detecting  the  existence  of 
this  acid  is  by  evaporating  the  urine,  incinerating  the  residue,  dis- 
solving it  in  water,  treating  the  insoluble  portion  with  hydrochloric 
acid,  and  incinerating  the  residue  that  still  remains.  In  this  way  we 
obtain  tlie  silicic  acid. 

13.  Hydrofluoric  acid,  or  fluoride  of  calcium,  occurs  in  very 
minute  traces,  and  can  only  be  recognised  by  operating  on  a  very 
large  quantity  of  urine.  The  precipitate  thrown  down  by  ammonia 
must  be  collected,  washed,  placed  in  a  platinum  or  porcelain  cru- 
cible, treated  with  sulphuric  acid,  and  its  action  on  glass  observed. 

14.  Soda.  This  base  is  contained  in  large  quantity  in  the  urine, 
both  as  chloride  of  sodium  and  in  combination  with  acids.  Chloride 
of  sodium  and  the  lactates  can  be  removed  from  the  ash  of  the  resi- 
due of  the  urine  by  spirit;  the  solution  must  then  be  evaporated,  and 
on  submitting  the  salt  to  the  action  of  the  blowpipe,  the  intensely 
yellow  flame  which  indicates  the  presence  of  soda  is  perceptible.  The 
presence  of  soda  may  be  also  shown  in  other  ways.  Upon  treating 
urine  evaporated  to  the  thickness  of  a  syrup  with  alcohol,  the  chlo- 
ride of  sodium  will  dissolve,  and  by  spontaneous  evaporation  will  in 
part  crystallize  in  the  form  of  octohedra,  which  are  partially  percept- 
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ible  even  to  the  naked  eye.  These  consist  of  a  combination  of  uieSi 
and  common  salt  Fie.  24  exhibits  such  octohedra,  obtained  from  eva- 
porated and  filtered  urine.  When  the  evaporation  isconducted  rapidly, 
these  forms  arc  replaced  by  a  series  of  crystals  shaped  like  crosslets 
and  daggers,  and  usually  crenate  at  the  margin.  See  fie.  24*.  If  urbe 
is  allowed  to  stand  in  a  shallow  vessel,  until  it  has  become  decom- 
posed, and  a  portion  of  the  urine  has  evaporated,  a  crystallized  salt  will 
be  found,  in  which  prisms  and  octohedra  can  be  recognised  both  with 
the  naked  eye  and  with  the  microscope.  The  rectangular  prisms, 
fie.  25,  exhibit  the  combination  of  phosphate  of  soda  with  phosphate 
01  ammonia  {sal  microcosmicunu) 

15.  Potash.  The  presence  of  this  substance  is  detected  by  dis- 
solving the  fixed  salts  in  some  hydrochloric  acid,  extracting  them  by 
alcohol,  and  adding  to  the  alcoholic  solution  of  chloride  of  potassium 
some  bichloride  of  platinum:  a  yellow  precipitate  of  chloride  of  potas- 
sium and  platinum  is  deposited. 

16.  Ammoma.  The  presence  of  this  substance  cannot  be  very  easily 
demonstrated  in  healthy  urine,  on  account  of  the  urea  and  the  nitro- 
genous extractive  matters  which  coexist  with  it,  since  the  ordinary 
ammoniacal  salts  (the  chloride  of  ammonium  and  the  lactate  of  am- 
monia) are  dissolved  with  the  urea  by  alcohol;  and  since,  moreover, 
urea  develops  ammonia  when  treated  with  either  free  potash  or  its 
carbonate  in  just  the  same  manner  as  the  ammoniacal  salts.  The  fol- 
lowing method  appears  to  me  to  be  the  most  appropriate:  Evaporate 
the  alcohol-extract  of  urine,  dissolve  a  portion  of  it  in  water,  and  add 
a  solution  of  caustic  baryta.  If  ammoniacal  salts  are  present,  a  strong 
odour  of  ammonia  will  be  developed.  Neither  pure  urea,  nor  the 
nitrate,  on  being  similarly  treated,  gives  oflf  this  ammoniacal  odour. 

[Healthy  urine,  according  to  Liebig,*  contains  only  very  minute  or 
doubtful  traces  of  ready-formed  ammonia,  and  these  traces  probably 
pre-existed,  in  the  food  partaken  of.  Fresh  urine  evolves  ammonia 
when  treated  with  alkalies,  but  it  yields  no  precipitate  with  bichlo- 
ride of  platinum.  Dr.  Schlossberger  made  certain  experiments  to 
this  effect  in  the  laboratory  at  Giessen;  upon  treating  fresh  urine 
with  bichloride  of  platinum,  and  allowing  the  mixture  to  stand  at 
rest  during  the  night,  crystals  were  formed  in  the  urine,  which,  upon 
examination,  manifestecl  all  the  properties  of  chloride  of  platinum 
and  potassium.  The  amount  of  ammonia  formed  in  the  healthy  organ- 
ism is  likewise  very  minute,  not  being  sufficient  even  to  neutralize 
the  acid  from  which  proceeds  the  acid  reaction  of  urine  and  of  saliva. 
We  cannot  assume  the  presence  of  any  ammoniacal  salt  in  the  urine 
of  herbivorous  animals,  which  contains  fixed  or  alkaline  carbonates. 

Experiments  for  the  determination  of  the  amount  of  ammonia  in 
the  urine  of  healthy  individuals  may  become  of  importance  in  judg- 
ing of  pathological  states;  for  in  fevers  and  other  diseases  the  amount 
of  ammonia  in  the  urine  increases  considerably.  It  is  possible  that, 
by  analyzing  the  urine,  we  may,  in  the  increasing  or  decreasing 
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amount  of  ammonia,  obtain  a  measure  for  the  alterations  which  take 
place  in  diseases.  I3ut  the  salts  of  potash,  which  are  rarely  absent,  as 
well  as  the  ammonia  which  is  formed  by  the  action  of  bichloride  of 
platinum  upon  the  organic  constituents  of  urine,  render  this  reagent 
(the  bichloride  of  platinum)  very  unsafe  for  determining  the  increas- 
ing or  decreasing  amount  of  ammonia  in  the  urine  during  disease. 
The  magnesia  salts  would,  perhaps,  answer  this  purpose  better;  the 
determinative  examinations  made  with  salts  of  magnesia  are  inferior 
to  those  made  with  bichloride  of  platinum,  but  they  are  exact  enough 
for  the  purpose  of  comparison/) 

17.  Lime.  There  is  no  difficulty  in  proving  the  existence  of  lime 
in  the  urine.  On  addinc  oxalate  of  ammonia  to  fresh  urine,  a  nebulous 
turbidity  of  oxalate  of  lime  is  formed.  If  the  urine  is  somewhat  con- 
centrated by  evaporation,  a  precipitate  is  obtained  which  appears  un- 
der the  microscope  as  an  amorphous  mass. 

When  urine  is  allowed  to  stand  till  ammonia  is  developed,  phos- 
phate of  lime  and  ammoniaco-magnesian  phosphate  are  precipitated. 
The  phosphat<e  of  lime  may  be  recognised  under  the  microscope  as  an 
amorphous  mass:  sometimes,  but  rarely,  it  occurs  in  a  crystalline  form. 
Both  varieties  are  exhibited  in  fig.  26. 

18.  Magnesia.  The  lime  having  been  precipitated  as  an  oxalate, 
and  free  ammonia  added  to  the  filtered  urine,  ammoniaco-magnesian 
phosphate  will  then  be  deposited.  We  have  already  observed  that 
this  salt  becomes  spontaneously  formed,  if  urine  is  allowed  to  stand 
for  some  time,  in  consequence  of  the  development  of  ammonia.  A 
thin  film  may  then  be  seen  on  the  surface,  in  which  we  may  detect 
minute  crystals,  even  with  the  naked  eye.  The  inner  surface  of  the 
vessel  is  also  covered  with  a  crop  of  similar  crystals.  Under  the 
microscope  the  ammoniaco-magnesian  phosphate  may  be  recognised 
by  the  peculiar  crystalline  form  represented  in  fig.  27. 

1 9.  Peroxide  of  iron.  The  amount  of  iron  contained  in  the  urine 
is  frequently  very  minute,  and  can  only  be  detected  in  the  ash,  which 
must  be  dissolved  in  hydrochloric  acid.  Upon  the  addition  of  fer- 
rocyanide  of  potassium  to  the  acid  solution,  a  deep  blue  colour,  or  a 
very  slight  precipitate  of  prussian  blue  is  produced:  while  the  addi- 
tion of  hydrosulphate  of  ammonia  or  infusion  of  galls  effects  a  dark 
colouring. 

QUANTITATIVE  ANALYSIS  OP  THE  URINE. 

Method  of  separating  all  the  proximate  constituents. 

An  exact  quantitative  determination  of  all  the  constituents  of  the 
urine  is  a  task  beyond  the  powers  of  animal  chemistry  in  its  present 
condition.  Our  ignorance  of  the  proximate  constituents  of  the  ex- 
tractive matter,  and  our  inability  to  separate  them,  are  alone  suffi- 
cient to  preclude  the  hope  of  a  perfect  analysis:  we  must  therefore 
content  ourselves  with  pursuing  the  same  course  as  we  have  already 
done  with  the  blood,  and  must  rest  satisfied  with  effecting  the  sepa- 
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ration  (as  accurately  as  we  can)  of  those  constituents  which  at  preaeDt 
we  regard  as  the  most  important,  and  wliich  present  no  peculiar  che- 
mical difiBculty ;  whilst  others,  as  for  instance  the  various  extractive 
matters,  must  bie  associated  in  groups. 

Even  this  abbreviated  and  comparatively  simple  method  does  not 
yield  absolute  estimates,  only  tf  few  of  the  constituents  of  the  urine, 
as,  for  instance,  the  fire-proof  salts,  yielding  quantitative  results  with 
analytical  exactness :  the  determination  of  the  organic  constituentai, 
— of  the  urea,  uric  acid,  ammonia-compounds,  and  extractive  matters 
is  more  or  less  insecure  and  fluctuating,  and  we  must  regard  a  quan- 
titative analysis  of  urine  as  giving  us  certainly  an  idea  of  its  probable 
constitution,  but  not  by  any  means  of  its  actual  composition. 

I  shall  now  explain  a  method  of  analyzing  the  urine,  by  which  the 
principal  constituents  may  be  isolated  and  determined. 

It  IS  impossible  to  estimate  the  various  constituents  of  the  urine 
from  a  sin^e  portion;  difierent  portions  of  the  same  urine  must  be 
used  for  the  determination  of  the  various  constituents,  as  will  be  pre- 
sently shown. 

The  urine  to  be  examined  must  be  tested  with  litmus  paper,  in 
order  to  ascertain  the  presence  or  absence  of  free  acid.  Healthv 
urine  is  generally  acid,  seldom  neutral.  If  the  urine  is  turbid,  it 
must  be  examined  under  the  microscope;  the  presence  of  mucus  can 
be  the  only  cause  of  turbidity  in  healthy  acid  urine,  l^e  specific 
gravity  of  the  urine  is  best  estimated  by  the  1000-grain  bottle. 

The  quantity  of  urine  to  be  analyzed  must  be  carefully  weighed, 
or  the  amount  contained  in  the  1000-grain  bottle  (the  contents  of 
which  are  exactly  known  when  the  stopper  is  inserted,)  may  be 
taken.  A  small  portion  always  adheres  to  the  glass  upon  pouring  it 
out,  the  quantity  of  which  can  be  ascertained  by  weighing. 

1.  Detemnnationof  the  free  acid. 

A  known  quantity  of  warm  urine  must  be  treated  with  tincture  of 
litmus  in  which  the  excess  of  free  alkali  has  been  neutralized  by 
acetic  acid,  so  as  to  leave  a  perceptible  red  tint  Dilute  solution  of  am- 
monia must  then  be  added  by  drops,  and  with  constant  stirring,  until 
the  red  colour  begins  to  merge  into  a  blue.  The  quantity  of  am- 
monia required  for  this  purpose  is  estimated  by  weight,  or,  if  a  gra- 
duated vessel  is  used,  by  measure.  From  our  knowledge  of  the 
quantity  of  ammonia  in  the  solution,  we  can  estimate  the  quantity  of 
free  lactic  acid. 

2.  Determination  of  the  water  and  vesical  muctis. 

From  500  to  1000  grains  of  urine  must  be  filtered ;  the  mucus 
which  remains  on  the  filter  must  be  washed  with  water,  dried,  and 
weighed  with  the  filter,  the  weight  of  which  should  have  been  pre- 
viously determined.  The  filtered  urine  must  be  evaporated  in  the 
water-bath  to  the  thickness  of  an  extract,  and  then  placed  (in  its 


basin)  in  a  receiver  over  sulphuric  acid,  in  order  to  be  thoroughly 
dried.  The  residue  when  dried  must  be  weighed  with  the  basin, 
and  the  water  estimated  by  the  loss  of  weight 

3.  Deiermination  of  the  urea. 

The  dry  residue  of  (2)  is  moistened  with  sufficient  quantity  of 
water  to  reduce  it  to  a  uniform  extract;  it  is  then  thoroughly  ex- 
hausted with  alcohol  of  0*83;  the  alcoholic  solution  is  evaporated  in 
the  water-bath  to  a  state  of  dryness,  and  the  residue  extracted  with 
anhydrous  alcohol.  The  anhydrous  alcohol  is  evaporated  at  a  very 
gentle  temperature;  the  residue  is  dissolved  in  a  little  water,  and 
cold  nitric  acid  (perfectly  free  from  nitrous  acid)  added  to  it  The 
basin  is  then  placed  for  some  hours  in  snow,  or  in  an  artificial  free- 
zing mixture.  The  moist  nitrate  of  urea  is  collected  upon  a  filter, 
which  is  enveloped  in  the  folds  of  thick  blotting-paper,  and  pressed, 
as  long  as  fresh  blotting-paper  continues  to  absorb  moisture.  The 
filter,  which,  with  its  contents,  is  now  nearly  dry,  is  exposed  to  a 
temperature  of  from  104°  to  182°,  and  then  quickly  weighed.  The 
known  weight  of  the  filter  is  deducted  from  the  weight  of  the  filter 
and  its  contents,  or,  which  is  better,  the  nitrate  of  urea  is  separated 
rery  carefully  from  the  filter,  again  dried,  (since  it  readily  absorbs 
moisture,)  and  weighed.  From  the  nitrate  we  estimate  the  quantity 
of  urea.  ^    (See  p.  53.) 

4.  Determination  of  the  uric  acid. 

^  Three  or  four  ounces  of  urine  must  be  treated  with  three  or  four 
drachms  of  hydrochloric  or  nitric  acid,  and  allowed  to  rest  for  from 
36  to  4S  hours.  Uric  acid  crystals  of  a  whitish-gray,  or  more  com- 
monly of  a  red  colour,  deposit  themselves  from  this  acid  urine,  partly 
at  the  bottom,  and  partly  on  the  sides  of  the  glass.  The  mass  of  the  clear 
supernatant  fluid  must  be  poured  oflf,  the  crystalline  coating  is  then 
loosened  from  the  sides  of  the  vessel,  and  collected  on  a  small  filter. 

1  rHaicband  has  reoentl^  examined  the  combinatioDs  of  urea  and  nitric  acid,  and  has  ar- 
rived at  conduaons  Teiy  ^ufierent  from  those  of  other  observers.  He  used  nitrate  of  urea, 
whkfa  was  predpitBtBd  fhxn  its  solution  bj  the  addition  of  nitric  add.  It  was  pressed  be- 
tween folds  of  bibulous  paper,  and  dried  at  ^2AQ9,  Its  aqueous  solution  was  dig^ted  with 
enbooate  of  baiyta,  ana  me  nitrate  of  baiyta  decomposied  bj  sulphuric  add.  The  nitric 
add  amounted  to  60^  per  cent;  hence  the  comoound  consisted  of  C,  H^  N,  ^•4* 
8NO,-f-HO.  A  portion  was  heated  to  284<';  it  men  yielded  a  quanti^  of  sulphate  of 
baiyta  coneqxmding  to  65-73  per  cent  of  nitric  add.  It  had  probably  become  anhydrous, 
fcr  in  that  state  it  would  contain,  \q  calculation,  64.3  per  cent  As  the  neutral  nitrate  of  urea 
was  not  contained  in  this  manner,  Marchand  dissolved  the  add  compound  in  water,  and  added 
urea.  The  dried  cr^stalliBecoaipound  now  obtained  contained  55  percent  of  nitrk;  add,  and 
was  therefore  composed  of  2C,H,N,0,  ^-SNO^-f-  HO. 

When  the  liquiu  from  whkch  the  above^nentioned  salt  dvstallized  was  treated  with  urea 
and  Ifae  sdutian  again  ciystallized,  he  obtained  acompound  whidi  lost  no  weight  at  230^,  and 
after  being  exposed  for  some  time  to  this  temperature,  contained  44*1  per  cent  of  nitric  add. 
He  oondudes  t)y  observing  that  the  compound  usually  separated  in  analyses  does  not  contain 
the  amount  of  uvea  stated  in  the  text,  but  only  33*89  per  cent  Morchand  further  states  tfiat 
crystallized  oxalate  of  urea  contains  three  atoms  of  water,  two  of  whidi  (14*6  per  cent)  escape 
at  248^,  while  die  third  is  retained  till  decomposition  ensues.  (Joum.  fur  prak.  Cbcm  Yeb. 
1845.] 
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When  all  llic  uric  acid  is  collected  on  the  filter,  and  the  whole  of 
the  fluid  has  run  through,  a  little  water  is  sprinkled  over  it,  and 
the  filter  is  then  dried  and  weighed.  By  subtracting  the  known 
weight  of  the  filter,  we  obtain  the  amount  of  uric  acid. 

5.  Determination  of  the  water  and  spirit-extracts. 

From  1000  to  2000  grains  of  filtered  urine  are  evaporated  on  the 
water-bath,  and  the  residue  treated  with  alcohol  of  0-83,  which  throws 
down  the  water-extract,  as  well  as  the  sulphates  and  phosphates. 
These  are  collected  upon  a  weighed  filter,  and  washed  with  alcohol 
of  similar  strength.  The  filter  with  its  contents  is  weighed,  and  by 
deducting  the  known  weight  of  the  filter,  we  obtain  the  weight  of 
the  water-extract  and  salts.  By  incineration  of  the  filter  and  its  con- 
tents, there  are  left  only  the  sulphates  and  phosphates;  the  water-ex- 
tract is,  therefore,  estimated  by  the  loss. 

Whatever  is  dissolved  by  the  alcohol  of  0*83  is  mixed  with  the 
spirit  used  for  washing,  and  the  fluid  gently  evaporated  on  the 
water-bath  until  an  extract-like  residue  is  left;  this,  after  being  al- 
lowed to  cool,  (during  which  process  it  usually  becomes  solid,)  is 
treated  with  cold  anhydrous  alcohol.  In  this  way  the  spirit-extract, 
as  well  as  chloride  of  sodium,  and  a  portion  of  the  alkaline  lactates, 
if  any  are  present,  are  separated.  The  basin  is  kept  as  cool  as  pos- 
sible, and  repeated  additions  of  absolute  alcohol  are  made,  in  order 
to  see  whether  the  alcoholic  solution  which  has  become  clear  after 
settling,  still  becomes  turbid,  and  if  so,  a  certain  quantity  of  anhy- 
drous alcohol  must  again  be  added.  When  the  alcoholic  fluid  (A) 
is  perfectly  clear,  it  is  decanted  from  the  residue  of  salts,  which  is 
washed  with  anhydrous  alcohol,  cautiously  dried  on  the  water-bath, 
weighed,  and  estimated  as  spirit-extract  with  salts.  By  a  thorough 
incineration  we  can  determine  the  spirit-extract  by  the  loss  of  weight 
The  following  salts  remain :  chloride  of  potassium,  chloride  of  so- 
dium, and  carbonate  of  soda;  the  latter  corresponding  with  the 
lactates. 

6.  Determinaiion  of  the  alcohohextract^  the  lactate  qfammonioj 

and  chloride  of  ammonium. 

These  are  the  most  difficult  constituents  to  determine.  I  proceed 
in  the  following  manner:  the  alcoholic  fluid  (A)  obtained  from  the 
precipitation  of  the  spirit-extract,  is  evaporated  on  the  water-bath  to 
the  consistence  of  a  thick  syrup,  and  after  being  thoroughly  dried 
over  sulphuric  acid  in  a  receiver,  is  weighed.  The  residue  is  dis- 
solved in  a  little  water,  and  free  baryta  gradually  added,  a  gentle 
warmth  being  kept  up  as  long  as  it  continues  to  dissolve,  and  as  long 
as  ammonia  is  perceptibly  evolved.  This  point  being  attained,  the 
mixture  is  evaporated  to  the  consistence  of  an  extract,  and  moistened 
with  a  little  alcohol  of  0-83;  a  large  quantity  of  anhydrous  alcohol  is 
then  added,  and  the  \yhole  allowed  to  clear  itself.     There  remain  un- 
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dissolved;  chloride  of  barium,  a  compound  of  baryta  with  extractive 
matter,  and  the  greater  part  of  the  free  baryta,  which  has  probably 
been  added  in  excess.  Dissolved  in  the  alcohol  are  urea,  lactate  of 
baryta,  and  a  small  quantity  of  free  baryta.  The  undissolved  por- 
tion is  burnt  in  a  platinum  crucible,  the  residue  incinerated,  and  the 
ash  digested  in  water.  The  solution  must  be  filtered,  slightly  acidu- 
lated with  nitric  acid,  and  the  chlorine  then  precipitated  by  nitrate 
of  silver.     The  chloride  of  ammonium  can  be  calculated  from  it 

The  alcoholic  solution  must  be  evaporated,  the  residue  dissolved 
in  water,  the  solution  filtered,  and  a  current  of  carbonic  acid  passed 
through  it,  until  the  free  barvta  is  precipitated:  it  must  then  be  again 
filtered,  acidulated  with  nitric  acid,  and  the  baryta  of  the  lactate  of 
baryta  precipitated  by  sulphuric  acid.  The  lactate  of  baryta  must 
be  estimated  from  the  residual  sulphate. 

By  subtracting  from  the  solid  residue  of  the  alcohol-extract  the 
weight  of  the  urea,  of  the  free  lactic  acid,  of  the  lactate  of  ammonia, 
and  chloride  of  ammonium,  we  obtain  the  quantity  of  the  alcohol- 
extract 

7.  Determination  qf  the  fixed  salts. 

The  determination  of  these  constituents  is  of  much  importance; 
they  are  composed  of  potash,  soda,  lime,  magnesia,  sulphuric  acid, 
phosphoric  acid,  and  hydrochloric  acid.  The  determination  of  the 
silicic  acid  would  also  be  interesting,  if  a  series  of  analyses  in  reference 
to  this  point  were  instituted.  Iron,  manganese,  and  fluoride  of  calcium 
exist  in  too  minute  quantities  to  be  successfully  determined,  or  indeed 
always  detected.  The  bases  and  acids  which  were  first  named,  viz. 
the  potash,  &c.,  may  be  determined  in  the  following  manner.  Three 
or  four  ounces  of  urine  are  evaporated,  and  the  residue  incinerated. 
As  the  carbonaceous  matter  does  not  readily  burn  off,  in  consequence 
of  being  entangled  with  the  melting  salts,  it  is  expedient  to  add  some 
nitric  acid  to  the  urine,  and  to  place  a  cover  on  the  crucible.  A 
white  melted  ash  is  soon  obtained,  the  weight  of  which  must  be  de- 
termined. A  certain  proportion  of  this  ash,  if  the  whole  quantity 
is  sufficiently  large,  may  be  weighed,  and  used  for  the  determination 
of  the  chlorine,  or  a  separate  quantity  of  urine  may  be  evaporated 
and  incinerated  for  this  purpose. 

For  the  determination  of  the  other  constituents  a  known  quantity 
of  the  salts  is  dissolved  in  water,  to  which  a  little  nitric  acid  has 
been  added;  this  solution  (A)  is  filtered;  what  remains  on  the  filter 
is  silicic  acid,  mixed  perhaps  with  a  little  carbon.  It  must  be  washed, 
burnt  with  the  filter,  and  its  weight  estimated.  The  solution  (A) 
and  the  water  with  which  the  contents  of  the  filter  were  washed,  are 
mixed  together,  and  a  slight  excess  of  free  ammonia  added.  The  mix- 
tare  is  then  warmed.  By  this  means  the  earthy  phosphates  are  pre- 
cipitated, and,  as  in  healthy  urine  the  phosphoric  acid  is  in  excess  as 
compared  with  the  earths,  the  latter  are  completely  thrown  down. 
They  are  quickly  washed,  dried,  exposed  to  a  strong  heat,  and 
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weighed.  In  order  to  determine  the  quantity  of  lime  in  the  earfhy 
phosphates,  they  must  be  dissolved  in  very  diluted  nitric  aeid^  and 
the  iree  acid  saturated  with  ammonia;  the  lime  may  then  be  predpi- 
tated  by  oxalate  of  ammonia.  The  filtered  fluid  will  yield  the  mi|^ 
nesian  salt,  by  precipitation  with  free  ammonia. 

The  ammoniacal  solution  from  which  the  earthy  phosphates  have, 
been  precipitated  must  be  mixed  with  the  water  used  for  waaluM 
the  precipitate,  and  supersaturated  with  nitric  acid.  -  A  solution  S 
chloride  of  barium  roust  be  added,  as  long  as  any  sulphate  of  bar]rta 
continues  to  be  precipitated.    The  fluid  is  then  warmed,  for  the  mora 

Perfect  separation  of  the  sulphate  of  baryta,  which  is  collected  on  a 
Iter,  washed,  exposed  to  a  strong  heat,  and  weighed.  By  tiiis 
means  the  sulphuric  acid  contained  in  the  urine  is  cdculated.  The 
acid  solution  from  which  the  sulphuric  acid  has  .been  precipitated  if 
mixed  with  the  water  used  for  washing  the  precipitate  in  a  stopper- 
ed bottle  of  such  a,size  as  to  be  nearly  filled  by  it;  It  is  rendered  d* 
kaline  by  caustic  ammonia,  and  chloride  of  baurium  is  added  to  ity  as 
long  as  phosphate  of  baryta  is  precipitated.  The  bottle  must  be  al- 
lowed to  stand,  with  the  stopper  in  it,  until  the  precipitate  is  com- 
pletely deposited.  The  fluid  is  then  poured  ofi",  and  the  precipitate 
washed  out  on  a  filter  with  a  little  weak  solution  of  ammonis.  It 
is  dried,  exposed  to  a  strong  heat  and  weighed.  The  phosphoric 
acid  must  be  calculated  from  the  phosphate  of  baryta  thus  ob- 
tained. The  ammoniacal  fluid  from  which  the  sulphuric  and  phos- 
phoric acids  have  been  removed  by  baryta  is  mixed  with  the  fluid 
with  which  the  last  precipitate  was  washed;  they  are  evaporated,  the 
residue  treated  with  sulphuric  acid,  and  then  submitted  to  a  high 
temperature  to  expel  any  excess  of  the  acid.  The  fixed  alkalies  re- 
main in  combination  with  sulphuric  acid.  If  these  salts  are  dissolved 
in  water,  and  chloride  of  barium  added  to  the  filtered  solution  as 
long  as  sulphate  of  baryta  continues  to  be  precipitated,  the  chlorides 
of  potassium  and  sodium  are  left  in  the  solution,  from  which  they 
may  be  separated  and  estimated. 

The  chlorine  is  determined,  as  I  have  already  remarked,  by  a  se- 
parate experiment  A  known  quantity  of  the  fixed  salts  is  dissolved 
in  water,  and  a  little  nitric  acid  added  to  the  filtered  solution;  upon 
the  addition  of  nitrate  of  silver,  a  curdy  precipitate  of  chloride  of  «1- 
ver  is  thrown  down. 

The  proximate  constituents  of  the  fixed  salts  being  thus  determined, 
we  have  next  to  consider  how  they  are  combined.  The  sulphuric 
acid  is  associated  with  the  potash,  and  if  there  is  not  a  sufficient 
quantity  of  potash,  with  as  much  soda  as  will  make  up  the  deficiency: 
the  rest  of  the  soda  is  allotted  to  the  hydrochloric  and  phosphoric 
acids.  If  there  is  more  than  su£5cient  potash  to  combine  with  the 
sulpluiric  acid,  the  excess  is  united  with  hydrochloric  acid. 

If  the  urine-salts  froth  very  much  upon  neing  treated  with  an  acid, 
and  if  we  find  that  after  combining  the  potash  and  soda  with  sul- 
phuric, hydrochloric,  and  phosphoric  acids  some  soda  is  still  left,  this 
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must  be  reckoned  as  lactate  of  soda.  The  earths  occur  as  earthy 
phosphates. 

The  fixed  salts  may  likewise  be  determined  from  the  residue  ob- 
tained in  the  investigation  of  the  water-  and  spirit-extracts,  (see  5,) 
by  exposing  it  to  a  strong  heat;  and  we  are  sometimes  driven  to  this 
course  of  proceeding  in  consequence  of  having  only  a  small  quantity 
of  urine  to  analyze.  This  method  of  determining  the  salts  is,  how- 
ever, unsafe,  in  consequence  of  a  portion  of  the  lactate  of  soda  being 
dissolved  by  the  anhydrous  alcohol,  and  because,  farther,  small  quan- 
tities of  the  phosphates  and  sulphates  are  always  associated  with  the 
chlorine-compounds.  In  adopting  this  method,  we  must  determine 
the  earthy  .phosphates  and  the  alkaline  sulphates  and  phosphates,  from 
the  water-extract;  and  the  chlorine,  with  minute  quantities  of  the 
sulphates  and  phosphates,  from  the  saline  residue  of  the  spirit-extract 

In  the  determination  of  the  urinary  salts  from  the  fixed  residue,  it 
becomes  a  matter  of  importance  to  ascertain  whether  the  organic  con- 
stituents do  not  contain  a  certain  amount  of  sulphur  and  phosphorus, 
which  increase  the  quantity  of  the  sulphates  and  phosphates  found 
after  incineration.  From  an  experiment,  I  am  led  to  conclude  that 
this  is  not  the  c^e.  I  determined  the  earthy  phosphates,  and  the 
alkaline  sulphates  and  phosphates,  in  three  ounces  of  filtered  healthy 
urine,  and  lound  earthy  phosphates,  0*5 ;  sulphate  of  potash,  2-45; 
phosphate  of  soda,  1*16.  From  the  fixed  salts  of  three  ounces  of  the 
same  urine  I  obtained,  earthy  phosphates,  0*52;  sulphate  of  potash, 
2*48;  and  phosphate  of  soda,  1*16. 

A  shorter  method  of  separating  the  most  important  constituents  of  the 

urine. 

Isolated  and  unconnected  analyses  of  urine  are  of  very  little  value 
in  physiological  and  pathological  chemistry.  In  proportion  to  the 
number  of  analyses  made  according  to  one  uniform  method,  is  the 
value  of  each  individual  analysis  increased.  It  would  obviously  re- 
quire an  immense  sacrifice  oi  time  and  labour  to  institute  a  series  of 
urinary  analyses  upon  the  plan  that  we  have  already  laid  down ;  our 
trouble  will  be  much  diminished  by  agreeing  which  of  the  constituents 
are  to  be  considered  as  the  most  important,  and  devoting  our  atten- 
tion to  them  alone.  We  do  not  by  any  means  wish  to  imply  that 
elaborate  analyses,  made  on  the  system  we  have  described,  are  not 
more  valuable  than  those  conducted  according  to  a  simpler  scheme; 
we  only  wish  it  to  be  understood  that  a  shorter  method  will  give 
results  that  will  fully  answer  many  of  our  proposed  ends. 

A  shorter  method  may  be  properly  limited  to  the  determination 
of  the  solid  constituents  of  the  urine,  the  quantities  of  urea  and  uric 
acid,  of  the  fixed  salts  collectively,  and,  irom  them,  of  the  earthy 
phosphates  and  alkaline  sulphates  and  phosphates  individually,  ^d 
ultimately  of  the  remaining  constituents,  as  lactic  acid,  extractive 
matters,  and  the  compounds  of  chlorine  and  ammonia. 
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weighed.  In  order  to  determine  the  quantity  of  lime  in  the  earthy 
phosphates,  they  must  be  dissolved  in  very  diluted  nitric  acid,  and 
the  free  acid  saturated  with  ammonia;  the  lime  may  then  be  precipi- 
tated by  oxalate  of  ammonia.  The  filtered  fluid  will  yield  the  mag- 
nesian  salt,  by  precipitation  with  free  ammonia. 

The  ammoniacal  solution  from  which  the  earthy  phosphates  have, 
been  precipitated  must  be  mixed  with  the  water  used  for  washing 
the  precipitate,  and  supersaturated  with  nitric  acid.  A  solution  of 
chloride  of  barium  must  be  added,  as  long  as  any  sulphate  of  baryta 
continues  to  be  precipitated.     The  fluid  is  then  warmed,  for  the  more 

Serfect  separation  of  the  sulphate  of  baryta,  which  is  collected  on  a 
Iter,  washed,  exposed  to  a  strong  heat,  and  weighed.  By  this 
means  the  sulphuric  acid  contained  in  the  urine  is  calculated.  The 
acid  solution  from  which  the  sulphuric  acid  has  been  precipitated  is 
mixed  with  the  water  used  for  washing  the  precipitate  in  a  stopper- 
ed bottle  of  such  a,  size  as  to  be  nearly  filled  by  it;  it  is  rendered  al- 
kaline by  caustic  ammonia,  and  chloride  of  barium  is  added  to  it,  as 
long  as  phosphate  of  baryta  is  precipitated.  The  bottle  must  be  al- 
lowed to  stand,  with  the  stopper  in  it,  until  the  precipitate  is  com- 
pletely deposited.  The  fluid  is  then  poured  off,  and  the  precipitate 
washed  out  on  a  filter  with  a  little  weak  solution  of  ammonia.  It 
is  dried,  exposed  to  a  strong  heat  and  weighed.  The  phosphoric 
acid  must  be  calculated  from  the  phosphate  of  baryta  thus  ob- 
tained. The  ammoniacal  fluid  from  which  the  sulphuric  and  phos- 
phoric acids  have  been  removed  by  baryta  is  mixed  with  the  fluid 
with  which  the  last  precipitate  was  washed;  they  are  evaporated,  the 
residue  treated  with  sulphuric  acid,  and  then  submitted  to  a  high 
temperature  to  expel  any  excess  of  the  acid.  The  fixed  alkalies  re- 
main in  combination  with  sulphuric  acid.  If  these  salts  are  dissolved 
in  water,  and  chloride  of  barium  added  to  the  filtered  solution  as 
long  as  sulphate  of  baryta  continues  to  be  precipitated,  the  chlorides 
of  potassium  and  sodium  are  left  in  the  solution,  from  which  they 
may  be  separated  and  estimated. 

The  chlorine  is  determined,  as  I  have  already  remarked,  by  a  se- 
parate experiment.  A  known  quantity  of  the  fixed  salts  is  dissolved 
in  water,  and  a  little  nitric  acid  added  to  the  filtered  solution;  upon 
the  addition  of  nitrate  of  silver,  a  curdy  precipitate  of  chloride  of  sil- 
ver is  thrown  down. 

The  proximate  constituents  of  the  fixed  salts  being  thus  determined, 
we  have  next  to  consider  how  they  are  combined.  The  sulphuric 
acid  is  associated  with  the  potash,  and  if  there  is  not  a  sufficient 
quantity  of  potash,  with  as  much  soda  as  will  make  up  the  deficiency: 
the  rest  of  the  soda  is  allotted  to  the  hydrochloric  and  phosphoric 
acids.  If  there  is  more  than  sufficient  potash  to  combine  with  the 
sulphuric  acid,  the  excess  is  united  with  hydrochloric  acid. 

If  the  urine-salts  froth  very  much  upon  being  treated  with  an  acid, 
and  if  we  find  that  after  combining  the  potash  and  soda  with  sul- 
phuric, hydrochloric,  and  phosphoric  acids  some  soda  is  still  left,  this 
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must  be  reckoned  as  lactate  of  soda.  The  earths  occur  as  earthy 
phosphates. 

The  fixed  salts  may  likewise  be  determined  from  the  residue  ob- 
tained in  the  investigation  of  the  water-  and  spirit-extracts,  (see  5,) 
by  exposing  it  to  a  strong  heat;  and  we  are  sometimes  driven  to  this 
course  of  proceeding  in  consequence  of  having  only  a  small  quantity 
of  urine  to  analyze.  This  method  of  determining  the  salts  is,  how- 
ever, unsafe,  in  consequence  of  a  portion  of  the  lactate  of  soda  being 
dissolved  by  the  anhydrous  alcohol,  and  because,  farther,  small  quan- 
tities of  the  phosphates  and  sulphates  are  always  associated  with  the 
chlorine-compounds.  In  adopting  this  method,  we  must  determine 
the  earthy  .phosphates  and  the  alkaline  sulphates  and  phosphates,  from 
the  water-extract;  and  the  chlorine,  with  minute  quantities  of  the 
sulphates  and  phosphates,  from  the  saline  residue  of  the  spirit-extract 

In  the  determination  of  the  urinary  salts  from  the  fixed  residue,  it 
becomes  a  matter  of  importance  to  ascertain  whether  the  organic  con- 
stituents do  not  contain  a  certain  amount  of  sulphur  and  phosphorus, 
which  increase  the  quantity  of  the  sulphates  and  phosphates  found 
after  incineration.  From  an  experiment,  I  am  led  to  conclude  that 
this  is  not  the  case.  I  determined  the  earthy  phosphates,  and  the 
alkaline  sulphates  and  phosphates,  in  three  ounces  of  filtered  healthy 
urine,  and  found  earthy  phosphates,  0*5;  sulphate  of  potash,  2*45; 
phosphate  of  soda,  1*16.  From  the  fixed  salts  of  three  ounces  of  the 
same  urine  I  obtained,  earthy  phosphates,  0-52;  sulphate  of  potash, 
8-48;  and  phosphate  of  soda,  1*16. 

A  shoHer  method  of  separating  the  most  important  constituents  of  the 

urine. 

Isolated  and  unconnected  analyses  of  urine  are  of  very  little  value 
in  physiological  and  pathological  chemistry.  In  proportion  to  the 
number  of  analyses  made  according  to  one  uniform  method,  is  the 
value  of  each  individual  analysis  increased.  It  would  obviously  re- 
quire an  immense  sacrifice  oi  time  and  labour  to  institute  a  series  of 
urinary  analyses  upon  the  plan  that  we  have  already  laid  down;  our 
trouble  will  be  much  diminished  by  agreeing  which  of  the  constituents 
are  to  be  considered  as  the  most  important,  and  devoting  our  atten- 
tion to  them  alone.  We  do  not  by  any  means  wish  to  imply  that 
elaborate  analyses,  made  on  the  system  we  have  described,  are  not 
more  valuable  than  those  conducted  according  to  a  simpler  scheme; 
we  only  wish  it  to  be  understood  that  a  shorter  method  will  give 
results  that  will  fully  answer  many  of  our  proposed  ends. 

A  shorter  method  may  be  properly  limited  to  the  determination 
of  the  solid  constituents  of  the  urine,  the  quantities  of  urea  and  uric 
acid,  of  the  fixed  salts  collectively,  and,  irom  them,  of  the  earthy 
phosphates  and  alkaline  sulphates  and  phosphates  individually,  ^d 
ultimately  of  the  remaining  constituents,  as  lactic  acid,  extractive 
matters,  and  the  compounds  of  chlorine  and  ammonia. 
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With  this 

a.  The  specific  gravity  of  the  orixie  in  the  orduiirj  manner; 

h.  The  quantity  of  solid  constituents,  and  of  the  area,  accordinc 
to  the  method  described  in  2  and  3,  from  a  wei^ied  and  eTapoiated 
portion  of  urine; 

c.  The  quantity  of  uric  acid,  according  to  the  method  |^Ten  in 
(4y}  by  the  addition  of  hydrochloric  acid  to  a  certain  qoantitj  of 
urine; 

d.  The  qoantity  of  extractire  matters  and  ammonia-Baits,  by  en- 
porating  a  knofrn  quantity  of  urine  and  incinerating  the  residue. 
The  amount  of  solid  residue  being  koown  from  i,  we  mbtnet  from 
it  the  fixed  salts  which  hare  been  thus  obtained  as  a  residue  after 
incineration,  the  urea  ^6,^  and  uric  acid  (c;)  the  diflferenoe  cor- 
responds with  the  extractive  matters  and  ammonia-salts;^ 

t.  The  fixed  salts  are  known  by  the  weight  of  the  residue  in  i\ 
they  may  be  easily  burnt  white  by  the  addition  of  a  little  nitric  acid. 
From  these  salts  we  can  determioe, 

f.  The  amount  of  earthy  phosphates,  and  alkaline  phosphates  and 
sulphates^  by  the  method  described  in  7. 


05  THE  COHPOSrriOV  OF  HOEMAL  rUKS. 

Berzelius*  published  an  analysis  of  healthy  urine  in  the  year  I8O99 
which  was,  till  a  very  few  years  ago,  the^onfy  one  that  gave  a  ebrreet 
view  of  th^  constitutioo  of  so  important  a  secretion.  He  does  not 
state  any  thing  about  the  circumstances  under  which  the  urine  was 
vojded,  or  in  regard  to  the  person  from  whom  it  was  taken.  1000 
contained : 


t 


.  WUCT                     .                   .                   .                   . 

gsMO 

Bolidrerida^'    -.              .              .              . 

67-00 

IJ^^^^*    -              -              • 

30*10 

Jfc^Sr 

1*00 

\               1714 

sRowmter-cztnict 

Mncoi           •              -              •              - 

0» 

Bnlpinte  of  poCtth 

3-7n 

Bulphateofioda 

3-16 

Phoiphato  of  soda 

M4 

Bipbotnhate  of  umiioiiia  - 
ChlorioB  of  fodhim 

1-65 
4^5 

Chlnrideflfiimmnnnnn     - 

1-dO 

Phosphate  of  time  and  magnena 

1-00 

Silicic  add      .              .              .              . 

003 

1M9 


I  have  made  two  analyses  of  the  urine  of  a  healthy  man,  aged  33 
years,  of  a  decidedly  sanguineous  temperament,  whose  digestion  and 
nutrition  were  not  very  good.     1000  parts  contained: 

I  Thin  fMtimatemiigt  be  ahirayi  rather  too  high,in  con8e<iiwDoe  of  tfie  alkaliDehcliteibeiiv 
converted  into  caibonatea  in  the  prooeai  of  indneFatioii. 
«  Thiorchnnie,  p.  4(>8. 
'^i«  includes  the  lactate  (caxbonate)  of  soda  and  a  little  adphate  of  potadi. 
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nmdiae 
Um      - 
Uric  add 
Aloohot  extract,  with  fiee  lactic 

add 
Bpirit  extract 


WalMfextnct  and  tedcal  maam    1-00  Y=,  10*14 

Lactate  of  ammania    • 

Chloride  of  ammaninin 

Chloride  of  iodiimi 

Sulphate  of  potairii 

Pheiphateoraoda 

Pho^ihatci  of  lime  and  mag- 


Analytii  93. 

1011 

963-20 

3&60 

19^6 

0*52 


Analjnit  01 
1012 
96&00 
44-00 
14^78 
0-710 


6-101 
2^ 


1-03 
0-41 
&20 
3H)0 
2>41 
0-58 


Extractive  matter 
and  ammonia  aaltfc 


r 


11-19 


4-800 
5-590 

1^550 

•7-280 
9^08 
8-330 
0-654 

atrace 


Ext.  mat  6l 


=  18-94 


13-77 


Silicicacid  •  atiaoe  J 

1  have  analyzed  the  urine  of  the  same  man  upon  three  other  occa- 
sions under  the  following  circumstances.  «^  represents  urine  passed 
upon  rising  in  the  mornings  after  having  drunk  several  glasses  of 
water,  the  previous  evening.  After  drinking  coffee  and  a  glass  of 
water,  such  violent  exercise  was  taken  for  two  hours,  that  the  pulse 
rose  to  above  100,  with  occasional  intermissions;  the  urine  .a  was 
then  voided.  Half  an  hour  afterwards  the  urine  C  was  discharged. 
In  all  three  cases  the  urine  was  clear,  B  being  the  most  slightly 
tinged.  They  all  had  an  acid  reaction,  that  of  C  being  the  strongest, 
and  of  ^  the  weakest.  The  analyses,  in  which,  however,  all  the  proxi- 
mate constituents  were  not  determined,  gave  the  following  reacts: 


Aaalytit  S6. 
J§. 

1010 

972-600 

27^00 

8-402 


AnaWriilM. 

1008' 
981-000 
19K)00 
7-5A 


19-14(1 
8^50 

5<I00 
0'656 


Specific  grarttjr        •  • 

Water  •  . 

Solid  naidiie 

Uiea        •  - 

Uxic  acid,  extfactiTe  matter,  ammooia- 
nhi^  and  chlorine  oompovuids  •       13^60 

Fhonhate  of  aoda  •  -         1-850 

StilphateofpolMh  •  •         2-790 

Phoqihatesoftimeandmagneda  •         0-479 

C.  G.  Lehmann  has  likewise  made  some  very  miniite  analyses  of 
the  healthy  urine  of  a  young  well-fed  man,  [himself  id  factj  These 
analyses  approximate  closely  in  their  results  to  those  of  Berzelius. 
They  were  made  with  the  collected  urine  of  the  past  twenty-four 
hours.  The  concentration  of  the  fluid  may  be  explained  by  the  cir- 
cumstance of  the  young  man  by  whom  the  urine  was  passed,  taking 
only  a  verv  little  drink,  as  is  the  usual  habit  with  persons  of  the 
sanguineo-bilious  temperament 

•  937-682 
-      62-318 

•  31-450 
1-021 
1496 
0-621 


Water      - 
Solid  rendne 
Urea     - 
Uric  add 
Lactic  acid 
Water-extiact 


s. 

3. 

934-002 

938019 

65-996 

67-981 

32-914 

32-909 

1-073 

1-096 

1-561 

1-513 

0^1 

0-632 

35 


See  hMftnote,  pieceding  page. 
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Spirit  and  aloobol-eztrKt  - 

LacCatM 

Chloridea  of  aodiiim  and  aramoniom 

Alkaline  solphalea 

Phoaphate  ofioda 

Phoophatei  of  lime  and  magneeia 

Mucus 


10-059 
1.897 
3-6461^ 
7-314  I  g 
3-765  f  A 
1-1321  ^ 
0-112 


9-871 

1-066 

3-602^- 

7-2rt9l2 

3-666  fib 

M87j  '^ 

0-101 


10-872 
1^732 

7«ll2 
3^69  f  6 

M08  J  '^ 

0-110 


Christison^  published  an  analysis  of  healthy  urine^  in  which,  how- 
erer,  he  did  not  enter  into  very  minute  details.  The  specific  grayity 
was  1029.  In  1000  parts,  he  found  67*7  of  solid  residue,  of  which 
55*2  were  composed  of  urea,  extractive  matters,  and  lactates,  11*1  of 
alkaline  chlorides,  sulphates  and  phosphates,  1*0  of  earthy  phos- 
phates, and  0*4  of  mucus.  Hence  100  parts  of  the  solid  residue  con- 
tain about  40  urea,  16  fixed  salts,  39  extractive  matters  and  ammonia- 
salts,  and  1  -5  earthy  phosphates. 

Dumcnil  made  an  analysis  of  urine  in  1826.  He  found  the  speci- 
fic gravity  of  the  mixed  urine  of  several  healthy  persons  to  be  1016. 

In  1000  parts  there  were  31*8  of  solid  residue,  which  consisted  of 
13*2  parts  of  urea  not  quite  free  from  alcohol-extract,  0*08  of  uric 
acid,  2*09  of  extractive  matter,  0*6  of  earthy  phosphates,  1-03  of 
phosphate  of  soda,  0*55  of  phosphate  of  ammonia,  2-69  of  sulphate 
of  potash,  8-03  of  chloride  of  sodium,  2-69  of  qulphate  of  potash,  8-03 
of  chloride  of  sodium,  1-16  of  chloride  of  ammonium,  0*18  of  phos- 
phate of  lime,  peroxide  of  iron,  and  sulphate  of  lime,  and  0*39  of 
mucus. 

[In  addition  to  these  analyses  we  may  mention  those  of  Becquerel, 
Marchand,  and  myself.     Becquerel  obtained  the  following  results: 


Mean  oompof  ition 

of  urine  of                Ditto  of 

General 

4  healthy  men.     4  healthy  women. 

mean. 

Specific  gravity 
Water 

1018-9                1015-13 
968-815             975-052 

1017-01 
971-935 

Solid  conatitaenta 

31-185               24-948 

2&<m 

Urea 

13-838               10-366 

12-109 

Uric  add 

0-391                 0-406 

0-396 

Fixed  salts      - 

7-696                 6-143 

a&919 

Organic  matters 

9-261                 8-033 

8-647 

Marchand's'  analyses  correspond  very  closely  with  those  of  Leh- 
mann.  He  cites  the  two  following  analyses  as  representing  the 
composition  of  the  healthy  secretion: 


Wat«T 

Solid  ccRistituents 
Urea 

Uric  add    - 
Lactic  add 

• 
m 

-       933-199 

32-675 
1-065 
1-521 

1)38-856 

61-144 

30-321 

1-001 

1-363 

>  Edin.  Med.  and  Surg.  Journal,  vol  33. 
'  [These  salts  consisted  of: 

Chlorine 

Sulphuric  add 

Phosphoric  acid 

Potash 

Sodi,  lime,  and  magnesia 

-'      0-502 
-       0-865 
.       0-317 
1-300 
.       3<W4] 

•  Lehibuch  der  physiologiadimi  Chemie^  p.  292i 


SuLphate  ofp^tedi  - 
Sulphate  of  sodft     - 
Phoaphate  of  soda  - 
Biphonhate  of  ammoDia     - 
Cnloride  of  aodium 
Chloride  of  ammoniam 
Phoiphatea  of  lime  and  magnesia 
Lactates 
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1M51  10*553 

*283  -201 

3-587  3-aol 

3-213  3-OU 

^066  8-998 

1-552  1<931 

4-218  4-001 

1-652  1-231 

1*210  1*001 

1*618  1-032 

The  following  table  gives  the  mean  result  of  six  analyses  of  the 
morning  urine  of  a  healthy  man,  instituted  by  myself.^ 

Specific  gravity               ...  1022-5 

Water            -               -           .           -  961*00 

Solid  constituents            -           -           -  39O0 

Urea               ....  l(^eO 

Uric  acid         ....  ^l 

Fixed  salts       •           -           -           -  9-27 

Organic  matter  and  loaei           -           -  12-07J 

The  apparent  discrepancies  in  the  composition  of  healthy  urine, 
as  shown  in  the  analyses  that  have  been  quoted,  depend  for  the  most 
part  on  the  fluctuating  amount  of  water.  If  we  calculate  the  proxi- 
mate constituents  of  the  urine  in  relation  to  an  equal  amount  of  solid 
residue,  we  shall  find  these  diSerences  exhibited  in  a  much  less  stri- 
king manner,  although  to  a  certain  degree  they  still  exist 

100  parts  of  the  solid  residue  of  the  urine  contain — 

Betzellas.       Lebmann.  Simon.  Marchand.    Day. 

1.  S.        3.         03.       04.       V5.        06.       07.         1.        2. 


/  '  ^  \       f—  •  ^  N  f—         ^  \ 


Vnm  4510    40-68   48-30    4010    3380    3310    30*07    37-80    3620    48?)1    40-58    4256 

Uric  acid  1-50     161      157      1-63     1-40     160  159      1*63     156 

Elf  ractiTe  matter,  \ 

aST^'oride'off**^    28-95    25-80    29-54    4260    4C-00    50-90    4700   47*37    3240    3174 
•odiam      .     .     ; 
Allcallue  ralphatea    10-30    11-58    1071    1002     814     8-80    1001    1100    1200    1018    10-15 

'^BriSltM       .  1  ^'^     **^     *^     ^'^     ^^     ^  "^     ^'"^     ^'^     ®'*     *'^^     ^'^ 

^wS miSieLaT' j  ^'^     ^'^     ^"^     ^'^     ^'^     ^'^     ^'^     ^^     ^'^     ^'®^     ^*® 

On  the  physiological  relation  of  the  urine. 

[The  fpllowing  observations  of  Liebig  on  the  influence  of  the  salts 
contained  in  the  food,  upon  the  composition  of  the  urine,  are  well 
worthy  of  consideration. 

"  The  alkaline  reaction  of  the  lymph,  chyle,  and  blood  of  man, 
and  of  the  carnivorous  animals,  cannot  be  owing  to  the  presence  of 
a  free  alkali;  for  the  nutriment  of  man,  and  of  the  carnivorous  as  well 
as  the  graminivorous  animals,  contains  no  free  alkali,  nor  any  salt 
formed  of  an  alkaline  base  and  an  acid  which  might  be  destroyed  in 
the  organism,  by  the  vital  process,  and  thus  cause  the  alkaline  base 
to  be  liberated.  The  blood  must  contain  the  same  salts  as  exists  in 
the  aliments.  With  the  exception  of  common  salt,  nothing  is  added 
during  the  digestion  of  the  aliments.     We  have  seen  that  this  sub- 

1  Lancet,  FeU  1844. 
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stance  undergoes  decomposition  in  the  upper  part  of  the  digestive 
apparatus,  being  resolved  into  free  soda  and  free  hydrochloric  acid; 
but  we  have  also  seen  that  the  liberated  soda  rejoins  the  hydrochloric 
acid  during  the  preparation  of  the  chyme,  and  previous  to  the  trans- 
formation of  the  latter  into  chyle ;^  that  is,  when  the  acid  has  per- 
formed its  function,  namely,  Uie  solution  of  the  aliments;  the  salt 
formed  by  this  combination,  that  is,  common  salt,  has  neither  an  acid 
nor  alkaline  reaction.  The  salts  with  an  alkaline  reaction  contained 
in  meat,  flour,  or  grain,  are  alkaline  phosphates.  Hence  it  is  obvious 
that  the  alkaline  reaction  of  the  chyle,  lymph^  and  blood  of  animals 
feeding  upon  animal  and  vegetable  substances,  can  only  be  derived 
from  their  alkaline  phosphates. 

<<  The  bibasic  phosphates  of  soda  and  of  potash  are,  in  many  re- 
spects, highly  remarkable  salts;  although  of  a  tolerably  strong  alkaline 
reaction,  yet  they  exercise  no  destructive  action  upon  the  skin  or 
upon  organic  formations;  they  possess  all  the  properties  of  the  free 
alkalies  without  being  such ;  thus,  for  instance,  they  absorb  a  large 
amount  of  carbonic  acid,  and  this  in  such  a  manner  that  acids  pro- 
duce effervescence  in  a  saturated  solution  of  this  kind,  just  as  they 
would  in  alkaline  carbonates;  they  dissolve  coagulated  casein,  as  well 
as  coagulated  albumen,  into  clear  fluids,  with  the  greatest  facility,  just 
as  caustic  or  carbonated  alkalies  do.  But  of  still  g^reater  importance 
in  relation  to  the  secretion  of  urine  is  their  deportment  towards 
hippuric  and  uric  acids.  Hippuric  acid  dissolves  with  the  greatest 
facility  in  water  to  which  common  phosphate  of  soda  has  been  addc^l; 
uric  acid  possesses  the  same  property  at  a  high  temperature;  the  phos- 
phate of  soda,  in  this  process,  loses  its  alkaline  reaction  completely  upon 
the  addition  of  uric  and  hippuric  acids,  and  assumes  an  acid  reaction. 
The  acid  nature  of  the  urine  of  man,  and  of  the  carnivorous  and 
graminivorous  animals,  is  thus  explained  in  a.  very  simple  manner. 

'^ There  are  but  two  principal  channels  through  which  the  salts 
entering  the  organism  with  the  aliments  can  effect  their  exit  from 
the  body;  viz.,  they  must  either  be  carried  off  in  the  faeces  or  in  the 
urine.  The  most  simple  experiments  show  that  soluble  salts  are  car- 
ried off  by  the  faeces  only  when  the  amount  of  salt  contained  in  the 
fluids  in  the  intestines  is  larger  than  that  contained  in  the  blood;  if 
the  amount  of  salt  in  these  fluids  is  eaual  or  inferior  to  that  of  the 
blood,  the  soluble  salts  are  reabsorbed  by  the  absorbing  vessels  of 
the  intestinal  tube,  and  enter  the  circulation,  and  are  then  removed 
from  the  body  by  the  urinary  organs  and  channels.  If  the  amount 
of  salt  contained  in  the  intestinal  tube  is  larger  than  that  contained 
in  the  blood,  the  salts  exercise  a  purgative  action. 

<<  If,  after  previous  evacuation  of  the  rectum,  a  weak  solution  of 
common  salt  (one  part  of  salt  to  sixty  parts  of  water)  be  taken  by 
means  of  a  clyster,  no  second  evacuation  will  take  place;  the  fluid  is 
absorbed,  and  all  the  salt  is  found  in  the  urine.  This  experiment 
yields  the  most  convincing  results  if  ferrocyanide  of  potassium  is  sub- 

1  liebig's  AniiDd  ChcsDiBtiy,  9d  edit  p.  118. 
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stituted  for  common  salt;  in  this  case,  the  first  urine  excreted  after 
the  injection  of  the  saline  solution,  and  frequently  even  after  so  short 
a  time  as  fifteen  minutes,  contains  so  large  an  amount  of  ferrocyanide 
of  potassium  as  to  yield,  upon  the  addition  of  persalts  of  iron,  a  co* 
pious  precipitate  of  Prussian  blue. 

<^  The  influence  which  salts  in  general  exercise  upon  the  secretion 
of  urine  is,  in  the  highest  degree,  worthy  of  attention.  It  is  a  well- 
known  fact  that  a  very  speedy  emission  of  urine  takes  place,  in 
healthy  individuals,  after  drinking  fresh  pump-water.  If  ten  glasses 
of  water,  of  from  six  to  eight  ounces  each,  containing  no  more  than 
1 -500th  of  its  amount  in  salts,  be  drank  at  short  intervals,  an  emis* 
sion  of  urine  of  the  usual  colour  will,  after  the  lapse  of  about  ten 
minutes,  follow  the  second  glass,  and  from  eight  to  nine  evacuations 
of  urine  will  generally  occur  in  the  course  of  an  hour  and  a  half.  The 
urine,  in  this  experiment,  emitted  in  the  last  evacuation,  will  be  clear 
and  colourless,  like  pump-water,  and  the  amount  of  salts  it  contains 
is  little  more  than  is  contained  in  pump-water.  There  are  indivi- 
duals who  are  capable  of  thus  imbibing  from  six  to  eight  quarts  of 
water  consecutively  without  any  inconvenience. 

^  But  the  case  is  quite  diflerent  with  water  possessing  an  amount 
of  salts  equal  to  that  of  the  blood;  if  even  as  little  as  1-lOOth  part  of 
common  salt  be  added  to  pump-water,  and  from  three  to  four  glasses 
drunk,  no  evacuation  of  urine  will  take  place,  even  two  hours  after 
drinking.  It  is  almost  impossible  to  drink  more  than  three  glasses 
of  this  saline  water,  for  it  weighs  heavily  on  the  stomach,  as  if  the 
absorbent  vessels  had  no  power  of  taking  it  up.  This  obviously 
arises  from  the  fluid  within  the  channels  of  circulation,  i.  e.  the  blood, 
and  the  fluid  without  these  vessels,  i.  c.  the  saline  water,  not  exer- 
cising any  physical  action  upon  one  another,  i.  e.  not  intermixing  by 
endosmose  or  exosmose. 

^  Water  containing  a  larger  amount  of  salts  than  the  blood,  such 
as  common  sea-water,  for  instance,  and  even  the  weaker  kinds  of 
saline  mineral  waters,  exercise  again  a  diflerent  action  from  that  of 
pump-water  mixed  with  1-lOOth  of  common  salt;  not  only  no  emis- 
sion of  urine  takes  place  after  the  imbibition  of  such  saline  water,  but 
water  exudes  from  the  circulating  vessels  into  the  intestinal  tube,  and, 
together  with  the  saline  solution,  is  carried  ofl"  through  the  rectum; 
purgation  takes  place,  attended  with  much  thirst,  if  the  saline  solu- 
tion be  in  some  measure  concentrated. 

"  Considering  that  a  certain  amount  of  salts  is  absolutely  necessary 
to  constitute  normal  hlood,  wc  may  deduce  from  these  observations 
and  experiments  (which  any  one  may  easily  imitate  and  verify  upon 
his  own  person)  that  the  physical  condition  of  the  tissues  or  of  the 
blood-vessels  opposes  an  obstacle  to  any  increase  or  decrease  of  the 
amount  of  salts  in  the  blood;  and  thus  that  the  blood  cannot  become 
richer  or  poorer  in  salts  beyond  a  certain  limit 

«<  Fluids  containing  a  larger  amount  of  salts  than  the  blood,  remain 
unabsorbed,  and  leave  the  organism  through  the  rectum;  fluids  con- 

35* 
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taiDing  a  smaller  amount  of  aalta  than  the  blood  enter  into  the  cir- 
culation, abaorby  and  remove  from  the  organism,  through  the  urinary 
channels,  all  the  soluble  salts  and  other  substances  which  do  not  be- 
long to  the  constitution  of  the  blood,  so  that,  finally,  only  those  sub- 
stances remain  in  the  organism  which  exist  in  chemical  combination 
with  the  constituents  of  the  blood,  and  which,  therefore,  are  incapa- 
ble of  being  secreted  by  the  healthy  kidneys. 

^I  have  convinced  myself,  by  careful  and  minute  examinations, 
that  urine  emitted  after  drinking  a  copious  amount  of  water,  invari- 
ably contains  a  somewhat  larger  amount  of  salts  than  the  water  which 
has  been  drunk;  whilst  the  amount  of  phosphates  contained  in  the 
last  emitted  portions  of  the  urine  is  extremely  minute,  and  no  longer 
detectible  by  the  ordinary  tests.  It  is  therefore  obvious  that  all  the 
salts,  without  exception,  contained  in  the  urine,  are  to  be  considered 
as  accidental  constituents  of  the  blood,  which  are  excreted  and  re- 
moved from  the  organism  precisely  b^use  they  no  longer  form  a 
part  of  the  normal  constitution  of  the  blood.  The  phosphates  emit- 
ted with  the  urine  were,  previously,  constituents  of  substances  which 
have  been  decomposed  in  the  vital  processes,  or  they  existed  as  con- 
stituents of  the  blood,  but  upon  its  transformation  into  living  tissues 
they  were  not  admitted  into  their  composition,  not  being  required 
for  their  constitution. 

^Now,  among  the  products  of  the  vital  processes,  which,  together 
with  the  soluble  phosphates,  are  removed  from  the  organism  throu^ 
the  urinary  organs  and  channels,  there  are  two  organic  acids,  namely, 
uric  acid  and  hippuric  acid,  both  possessing  the  property  of  com- 
bining with  the  soda  or  potash  of  the  alkaline  phosphates,  and  ac- 
quiring in  the  combination  a  higher  degree  of  solubility  than  they 
possess,  per  se^  at  the  common  temperature  of  the  body.  It  is  ob- 
vious that  by  the  accession  of  these  two  acids,  and  by  their  action 
upon  the  phosphates  of  soda,  a  urate  and  hippurate  of  soda  must  be 
formed  on  the  one  hand,  and  an  acid  phosphate  of  soda  on  the  other; 
and  that,  consequently,  the  urine  roust  acquire  an  acid  reaction. 

But  the  presence  of  these  two  acids  in  the  urine  is  not  the  only 
cause  of  its  acid  nature;  there  exists  another  cause  which  tends  pow- 
erfully to  maintain  and  increase  it 

<^  According  to  the  preceding  remarks  we  ought  to  find  in  the 
urine  all  the  soluble  salts  of  the  food,  as  well  as  a  small  amount  of 
the  phosphate  of  lime,  which  is  soluble  to  a  certain  extent  in  acid 
fluids,  together  with  magnesia.  The  amount  of  these  latter  sub- 
stances will  be  in  proportion  to  their  solubility  in  acid  phosphate  of 
soda.  The  other  insoluble  salts  of  the  aliments  we  ought  to  find  in 
the  faeces.  In  other  words,  assuming  that  the  materials  composing 
the  aliments  become  converted  into  oxygen  compounds,  that  is,  are 
burnt  in  the  organism,  we  ought  to  find  in  the  urine  all  the  soluble 
salts  of  their  ashes,  and  in  the  faeces,  all  the  insoluble  salts.  Now,  upon 
comparing  the  constitution  of  the  ashes  of  the  blood  or  of  the  ali- 
ments, (or,  rather,  the  salts  contained  therein,}  with  those  of  the 
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urine,  we  find  that  there  exists  a  striking  difference  between  their 
respective  amount  of  sulphates. 

*^  According  to  the  analyses  of  the  ashes  of  the  grains  of  wheat 
and  rye  (Ann.  der  Chemie,  vol.  46,  p.  79,)  the  urine  of  an  individual 
feeding  exclusively  upon  bread,  ought  not  to  contain  a  trace  of  a 
sulphate,  whilst  the  urine  of  an  animal  fed  upon  peas  or  beans  ought 
to  contain  sulphates  together  with  phosphates  in  the  proportion  of  9 
of  the  former  to  60  of  the  latter.  Finally,  as  flesh  contains  no  solu- 
ble alkaline  sulphate  f broth  does  not  yield  any  precipitate  of  sulphate 
of  baryta  when  tested  with  salts  of  baryta,)  the  urine  of  carnivorous 
animals  ought  to  be  equally  free  from  soluble  sulphates.  We  find, 
on  the  contrary,  that  the  urine  of  man,  according  to  the  most  correct 
analyses,  contains  a  far  larger  proportion  of  sulphates  than  the  ali- 
ments partaken  of;  nay,  even  that  the  amount  of  the  sulphuric  acid 
evolved  from  the  system  must,  in  many  cases,  be  equal  or  superior 
to  that  of  the  phosphoric  acid  contained  in  the  aliments.  According 
to  the  analyses  of  human  urine  made  by  Berzelius  and  Lehmann,  the 
amount  of  the  sulphates  present  in  urine  is  nearly  double  that  of  all 
the  soluble  phosphates  together.  Hieronymi  found  the  amount  of 
sulphate  of  potash  contained  in  the  urine  of  the  tiger,  the  lion,  and  the 
leopard,  compared  with  that  of  the  phosphates,  to  be  as  1  to  7i.  It 
can  be  distinctly  and  positively  proved  that  these  salts  have  not 
been  partaken  of  in  such  proportions.  But  we  now  know  the  origin 
of  the  greatest  portion  of  the  sulphuric  acid  contained  in  the  urine; 
this  acid  has  entered  the  organism  with  the  food,  not  in  the  form  of 
a  sulphate,  but  as  sulphur. 

^Glutin*,  vegetable  casein,  flesh,  albumen,  fibrin,  and  the  cartilages 
and  bones,  contain  sulphur  in  a  form  quite  different  from  the  oxygen- 
compounds  of  this  substance.  This  sulphur  is  separated  as  sulphu- 
retted hydrogen  during  the  putrefaction  of  these  substances;  it 
combines  with  the  alkalies,  which  act  powerfully  upon  these  animal 
substances,  and  may  be  obtained  from  such  combination  in  the  form 
of  sulphuretted  hydrogen  by  means  of  stronger  acids. 

^Now,  we  know,  from  the  experiments  of  W5hler,  that  the 
soluble  sulphurets  become  oxidized  in  the  organism;  and  that  thus, 
for  instance,  sulphuret  of  potassium  becomes  converted  into  sulphate 
of  potash;  and  it  is  therefore  unquestionable  that  the  sulphur  of  the 
constituents  of  the  blood,  derived  from  the  aliments,  or,  what  comes 
to  the  same  point,  the  sulphur  of  the  transformed  tissues,  becomes 
finally  converted  into  sulphuric  acid  by  the  oxygen  absorbed  in  the 
process  of  respiration,  and  thus  that  in  the  urine  it  must  appear  in 
the  form  of  sulphates;  and  from  this  cause  the  original  amount  of 
these  salts  contained  in  the  aliments  become  increased.  The  alkaline 
base  which  we  find  in  the  urine,  in  combination  with  this  sulphuric 
acid,  is  supplied  by  the  soluble  alkaline  phosphates;  and  the  latter, 

>  DiBtrich  (in  tiw  kibontoiy  of  GiMm)  hM  examined  ghitin  widi  regard  to  itf  amount  of 
ndphur :  be  fcond  fiHbeat-glnten  to  conlatn  from  (H)33  per  cent,  to  (H)35  per  cent  of  fulihur, 
noiedy  tbe  anne  propoition  as  is  oontainsd  in  aB)imien  or  fibrin. 
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in  consequence  of  the  loss  of  part  of  this  base,  are  converted  into 
acid  salts. 

"  It  follows,  from  all  we  have  hitherto  stated,  that  the  acid  nature 
of  the  urine  of  carnivorous  animals,  as  well  as  that  of  man,  depends 
upon  the  nature  of  the  bases  partaken  of  in  the  aliments,  and  upon 
the  particular  form  of  their  combinations.     In  the  flesh,  blood,  and 
other  parts  of  animals,  as  well  as  in  the  grains  of  the  cereal  and 
leguminous  plants,  th^re  exists  no  free  alkali.      The  alkali  which 
these  substances  contain  is  invariably  combined  with  phosphoric  acid : 
the  acids  formed  in  the  organism  by  the  vital  process,  namely, 
sulphuric  acid,  hippuric  acid,  and  uric  acid,  share  the  alkali  amongst 
them,  and  this,  of  course,  must  give  rise  to  the  liberation  of  a  certain 
amount  of  phosphoric  acid,  or  what  comes  to  the  same  point,  to  the 
formation  of  a  certain  amount  of  acid  phosphates  of  soda,  lime,  and 
magnesia.     The  proportional  amount  of  the  liberated  phosphoric  acid 
varies  with  the  temperature;  at  a  higher  temperature  the  phosphate 
of  soda  dissolves  a  larger  amount  of  uric  acid  and  hippuric  acid  than 
at  a  lower  temperature, — at  100°  more  than  at  60°.     It  is  owing  to 
this,  that  urine,  upon  refrigeration,  sometimes  deposits  uric  acid,  or 
urate  of  soda  in  a  crystalline  state,  which,  of  course,  can  only  take 
place  by  the  uric  acid,  at  a  lower  temperature,  restoring  to  the  phos- 
phoric acid  the  soda  or  potash  which,  at  a  higher  temperature,  it  had 
withdrawn  from  it.     At  the  common  temperature  phosphoric  acid 
decomposes  urate  of  soda,  whilst,  at  a  higher  temperature,  uric  acid 
decomposes  phosphate  of  soda.     When  urine,  containing  uric  acid 
and  manifesting  an  acid  reaction,  forms  no  sediment  upon  cooling, 
it  shows  that  the  amount  of  the  phosphoric  acid  and  that  of  the  uric 
acid  exactly  balance  each  other  with  regard  to  their  affinity  for  soda. 
Had  there  been  present  a  larger  proportion  of  uric  acid,  this  would 
have  separated  upon  cooling;  whilst,  on  the  other  hand,  the  presence 
of  a  preponderating  proportion  of  phosphoric  acid  would  likewise 
have  caused  the  precipitation  of  uric  acid,  because  the  affinity  of  the 
former  for  soda  would  then  exceed  that  of  the  latter.     This  explains 
the  circumstance  that  urine,  in  certain  states,  when,^from  some  cause 
or  other,  its  amount  of  sulphuric,  hippuric,  or  other  acid,  becomes  in- 
creased, precipitates  a  larger  proportion  of  uric  acid  than  urine  in  its 
normal  state.     The  solubility  of  uric  acid  in  urine  must  decrease  in 
proportion  as  the  amount  of  the  otheracids  presentin  the  urine  increases, 
because  those  acids  share  the  soda  with  the  uric  acid;  and,  of  course, 
the  larger  the  amount  of  soda  which  combines  with  these  other  acids 
the  less  comes  to  the  share  of  the  uric  acid.     It  is  likewise  owing  to 
this,  that  uric  acid  is  very  frequently  precipitated  from  urine  upon 
the  addition  of  mineral  or  other  acids,  and  that  urine  of  a  turbid 
whey-like  appearance,  from  the  presence  of  uric  acid,  frequently 
manifests  a  far  more  strongly  acid  reaction  than  normal  urine. 

"Now,  bearing  in  mind  that  the  use  of  alkaline  citrate,  of  neutral 
tartrate  of  potash,  bi-tartrate  of  potash,  acetates  of  potash  and  soda, 
and  tarlarized  soda,  renders  the  urine  alkaline  by  creating  in  if.  an 
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amount  of  carbonated  alkali;  and  that,  likewise,  after  the  eating  of 
fruit,  such  as  cherries,  strawbeiTies,  &c,  the  urine  is  of  an  alkaline 
nature,  inasmuch  as  these  fruits  contain  alkalies  combined  with  vege- 
table acids,  it  is  obvious  that  the  acid  reaction  of  healthy  urine  is 
purely  accidental,  and  that  urine  of  an  alkaline  or  neutral  reaction 
cannot  be  considered  as  a  symptom  of  the  diseased  condition  of  the 
body.  All  the  vegetable  aliments,  without  exception,  tubers,  roots, 
and  leaves,  potatoes,  turnips,  greens,  &c.,  contain  alkalies  in  combi- 
nation with  vegetable  acids:  potatoes,  for  instance,  contain  alkaline 
citrates;  turnips,  alkaline  racemates  and  oxalates,  &c  All  tliese 
plants  yield,  upon  incineration,  more  or  less  strongly  alkaline  ashes, 
the  bases  of  which  were  contained  in  the  living  plants,  as  salts  of 
vegetable  acids. 

<<  It  is  obvious  that  by  adding  these  vegetables  to  a  meat  diet,  to 
bread  and  to  other  aliments  prepared  from  flour,  the  nature  of  the 
urine  must  become  thoroughly  altered ;  for  the  alkalies  which  these 
vegetables  contain  in  combination  with  organic  acids,  enter  the  urine, 
in  the  form  of  carbonated  alkalies,  and  neutralize  the  acids,  of  what- 
ever kind,  which  may  be  present  When  partaken  of  in  a  certain 
proportion,  they  render  the  urine  neutral;  when  partaken  of  in  a 
larger  proportion,  they  impart  to  it  an  alkaline  reaction. 

^  The  urine  of  all  animals  feeding  upon  vegetables,  such  as  grass, 
herbs,  roots,  &c,  has  an  alkaline  reaction.  The  urine  of  the  horse, 
of  the  cow,  of  the  sheep,  of  the  camel,  of  the  rabbit,  of  the  guinea- 
pie,  of  the  ass,  &c.,  is  alkaline;  it  contains  alkaline  carbonates,  and 
acidsproduce  in  it  a  lively  effervescence. 

^The  acid,  neutral,  or  alkaline  reaction  of  urine  of  healthy  indi- 
viduals does  not  depend  upon  any  difference  in  the  processes  of  di- 
jjestion,  respiration,  or  secretion,  in  the  various  classes  of  animals, 
but  upon  the  constitution  of  the  aliments,  and  upon  the  alkaline  bases 
which  enter  the  organism  through  the  medium  of  these  aliments.  If 
the  amount  of  these  bases  is  sufficiently  large  to  neutralize  the  acids 
formed  in  the  organism,  or  supplied  by  the  aliments,  the  urine  is 
neutral;  whilst  it  manifests  an  alkaline  reaction  when  the  amount  of 
alkaline  bases  thus  supplied  to  the  organism  is  more  than  sufficient  to 
neutralize  the  acids;  but  in  all  these  cases  the  urine  accords  with  the 
nature  of  the  aliments  taken. 

<<The  inorganic  bases  and  acids  contained  in  the  urine  were,  with 
the  exception  of  sulphuric  acid,  which  joins  them  in  the  organism, 
constituents  of  the  aliments.  The  amount  of  inorganic  bases  and 
acids  emitted  through  the  urine  in  twenty-four  hours  must,  in  adult 
individuals,  be  equal  to  that  of  these  bases  and  acids  supplied  to 
the  organism  during  the  same  period,  through  the  medium  of  ali- 
ments."* 

Our  knowledge  respecting  the  influence  of  diet  on  the  composition 
of  the  urine  has  been  much  increased  by  the  admirable  researches  of 

>  UnoeC,  JanB,  1844. 
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Lehmann,^  instituted  on  himself.  The  whole  of  the  urine  passed  in 
twenty-four  hours  was  always  collected,  the  absolute  weight  and  spe- 
cific gravity  determined,  as  well  as  the  amount  of  solid  residue.  The 
investigation  was  commenced  in  October,  and  the  amount  of  drink 
was  only  just  sufficient  to  allay  thirst  During  thirteen  successive 
day9,  on  which  he  lived  on  his  ordinary  mixed  diet,  the  following 
observations  were  made: 

Amooni  of  arine 

in  M  hours.  Spec.  fraT. 
1088  grammei^         1017*4 

898  1022-2 

927  lOSS-l 

1022  1024-7 

712  1029-2 

1361  1020^ 

900  1019^ 

940  10225 

1100  1019*1 

939  1029-4 

1448  1016-7 

1088  1025-2 

1328  1015-6 

A  perfect  analysis  of  the  urine  was  made  on  three  of  these  days, 
the  results  of  which  are  recorded  in  p.  403. 

The  amount  of  urea  was  determined  on  the  1st,  2d,  4th,  6th,  7th, 
8th,  11th,  and  12th  days.  The  results  are  given  in  the  following 
table : 


Btilid  resldas 

Whole  anKMnt  of 

per  roille. 

•olid  reeidae,  in  graaui 

58-432 

63-5718 

65-998 

59^663 

67-842 

69^8805 

66-744 

6842124 

79-923 

56-9052 

65K)08 

78-4759 

62-318 

560862 

66-423 

62^376 

61-984 

68-1824 

80-878 

75-9434 

56-264 

81-4703 

67-981 

73-9633 

55-932 

74-2777 

Solid  residue 
in  1000  parU 
of  urine. 
58-430 
65-988 
66-744 
65H)08 
62-318 
66-423 
56-264 
67-981 


Urcm 

Urea 

in  1000  part! 

in  100  parts 

of  urine. 

of  solid  residue. 

26-72 

45-74 

32-91 

49-87 

2822 

43-79 

29-25 

44-99 

31-45 

50-46 

29-50 

44-41 

23-72 

42-15 

32-91 

48-41 

Dally  amoant 
or  area, 

inframmea. 
39077 
29-556 
29-869 
35-306 
28-301 
27-728 
34-339 
35-804 


From  these  data  it  appears  that,  during  his  ordinary  mixed  diet, 
the  urea  amounted  on  an  average  to  46*23g  of  the  solid  residue,  and 
that  the  average  amount  of  urea  excreted  in  twenty-four  hours  was 
32-498  grammes,  or  about  500  grains. 

The  amount  of  uric  acid  was  determined  on  the  2d,  6th,  7th,  8th, 
ilth,  and  12th  days.     The  following  results  were  obtained: 


Uric  acid 
in  1000  parU 
of  urine. 
1-073 
1-124 
1-021 
1-097 
1-131 
1-098 


Uric  acid 
in  100  parts 
of  solid  residue. 
1*626 
1-729 
1-638 
1-651 
2-001 
1-615 


Daily  amount 
of  uric  acid 
in  grammes. 

0-967 

1-357 

0-919 

1-031 

1-630 

1195 


From  these  numbers  it  appears  that  1000  parts  of  urine  contain, 
on  an  average,  1.089  of  uric  acid;  and  that  100  parts  of  solid  residue 

1  Journal  far  praktische  Chemiei  1842;  3.  >  The  gramme  =  15*4  gnins  troy. 
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cODtain  1-71  of  uric  acid;  likewise,  that  the  daily  amount  of  excreted 
uric  acid  is  1.183  gram.,  or  about  18-3  f^aios.  Hence  the  daily 
amount  of  urea  is  to  that  of  uric  acid  as  27  :  1. 

The  mean  amount  of  free  lactic  acid,  (or,  at  least,  the  substance  K- 
garded  by  Lehmann  as  lactic  acid,)  in  1000  rarts  of  urine  was  1.52S; 
and  in  100  parts  of  solid  residue,  S'325.  The  mean  daily  amount 
was  1-534  gram.,  or  ^3-6  grains. 

The  mean  amount  of  combined  lactic  acid  in  1000  parts  of  tirine 
was  1-160;  and  in  100  parts  of  solid  residue,  1-703.  The  mean  daily 
amount  was  1-173  gram.,  or  18  grains. 

Having  thus  determined  a  standard  of  comparison,  he  proceeded 
to  notice  the  eSect  of  a  purely  animal  diet  on  the  urine.  He  lived 
for  twelve  days  on  a  purely  animal  diet,  and  for  four  of  these  days 
entirely  on  eggs,  during  which  period  he  consumed  128,  or  32  a  day. 
From  an  analysis  of  the  eggs  it  appeared  that  he  took  daily  189-7 
grammes  of  dry  albumen,  free  from  ash,  and  157-4S  grammes  of  fat; 
and  from  Scherer's  analyses  it  appears  that  this  albumen  contained 
104-335  grammes  of  carbon,  and  3016  grammes  of  nitrogen  ;  while 
the  fat  contained  124-41  grammes  of  carbon.  Hence  the  whole 
amount  of  carbon  was  Z28'75  grammes,  a  little  within  the  amount 

?'Ten  off  in  the  course  of  twenty-four  hours,  according  to  Liebig, 
he  observations  were  conducted  for  twelve  successive  days  in  July, 
and  yielded  the  following  results; 

AbMlalt  w«l|bl  Bolid  ntUat  Whola  iniaDnt 

oTirkMinMbuaii,  flpeciia*.  In  ofKliil  niidu*. 

la  irmiiiiiMi.  _.  1000  uni.  In  irioimc*. 

1340  1031-9  G&IS  SI-DO 

9»)  1030-7  04-23  84-06 

1075  1037-6  77-73  8345 

J 184  1036-4  72-30  t&G| 

J3M  ioie-7  6»3i  uma 

1113  lOSct-S  78-15  tMHKI 

1099  IOte-9  79«4  eifXi 

979  1033«  90«3  86-78 

1S11  1D3&3  7-^3d  87'8o 

IMS  1034-3  G6-73  89-84 

1187  1029O  78-3B  88-38 

If  we  compare  the  mean  of  these  numbers  with  the  mean  of  the 
former  corresponding  table,  we  have: 

Darinf  ■  mixed  dicE.  Duting  KPimAldiet. 
TluB  daolnle  nei^l  of  tha  urine  in 

34  houn               -            •           -  lOST-8  gnunme*  1303^  gnimnM 

Spcd&gran^                     -            -  I03M  1027-1 
Amonnlaf  nUl  midue  in  1000  uuta 

oTurinB                 •            -            -  6&«3  75-48 

Sum  of  the  nliil  conathuents             -  C7-82  gnmmet  67-44  grunnm 

Hence  it  appears  that,  during  a  purely  animal  diet,  the  amount 
of  solid  constituents  is  increased,  while  at  the  same  time  the  amount 
of  water  is  augmented  by  no  less  than  135  grammes,  notwiihstanding 
these  experiments  were  made  in  June,  and  those  with  a  mixed  diet 
io  October. 

From  the  above  data  it  appears  that  the  solid  matters  discharged 
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by  the  urine  during  an  animal  diet  amount  to  about  one  fourth  the 
amount  of  dry  nutnment 

The  following  are  the  principal  changes  in  the  urine  induced  by 
uae  of  a  strictly  animal  diet  It  becomes  pale,  of  a  straw  coIooTi 
limpidy  and  similar  in  appearance  to  the  urine  of  the  camivora.  On 
the  addition  of  nitric  acia,  crystals  of  nitrate  of  urea  were  immediate- 
ly produced.  Uric  acid  was  gradually  deposited  in  large  erjrstala. 
The  reaction  of  the  urine  was  always  decidedly  acid.  Two  analyses 
instituted  with  the  urine  passed  on  the  28th  and  30th  of  July,  (the 
9lh  and  11th  days  of  the  experiment,)  gave  the  following  results: 


Water 
Solid  vMihie 

Urea 

Uric  add 

Free  lactic  acid 


Extracthre  matler  soluble  m  water 
Extmcthne  matler  soluble  m  akohol 

MllCQB  •  •  • 

Chkirklea  of  sodium  and  ammonium 
Sulphates  .  .  • 

Phogphate  of  soda 
Earthy  phogpiiates 

The  six  following  observations  were  made  regarding  the  amount 
of  urea: 


Jalf  Whh. 
909-38 
9&68 
6»79 

9nco 
1-67 
0«8 
4-50 
<H)9 
&-37 
11-51 
&68 
978 


JohrlSth. 

93347 

6673 

41-66 

M8 

1-64 

1-03 

0-61 

344 

0-11 

346 

7-06 

4-04 

870 


Una  ia  1000  paru 
of  arias. 


j^*«{SrcS^1}^* 


arth 

SBtfa 
89th 
30th 

3l8t 


46«7 
63-79 
46-19 
41-65 
50-36 


Urea  is  100 
sf  solid  rsri^oe. 

»       58-615 

5^043 
69-380 
63^11 
68413 
64-388 


Urea 
94kow*,ia 


49»1S4 
60^3 


56<I06 

64-071 

56*667 


From  these  numbers  it  appears,  that  during  a  purely  animal  diet, 
there  is  a  mean  daily  increase  of  20*7  srammes  in  the  amount  of  urea. 
During  a  mixed  diet,  the  relation  of  the  urea  to  the  other  solid  con* 
stituents  =»  100:  116,  while  on  an  animal  diet  it  =  100:  63.  The 
uric  acid  was  estimated  on  the  last  four  days  of  the  experiment: 

Uric  scld  Uric  acid  Daily  1010081 

ia  1000  ports  io  100  psrU  ororie  aeid. 

ofvriao.  of  Mlid  residue.  io  graaunes. 

SSfliJuhr           -          •       1*41  1*554  1-371 

89th                   .          •       1-80  1-630  1*438 

30th                   .           •        1-18  1-764  1-565 

31st                   .          •       1-37  1-749  1-546 

Hence,  while  the  mean  daily  amount  of  uric  acid  during  a  mixed 
diet  is  1*183  grammes,  the  amount  is  increased  during  an  egg-diet  by 
*895  of  a  gramme,  an  increase  not  sufficiently  large  to  entitle  ly  to 
suppose  that  a  purely  animal  diet  favours  the  formation  of  urio  acid 
in  the  healthy  organism.  During  a  mixed  diet,  the  proportion  of 
uric  acid  to  the  other  solid  constituents  =  1 :  58*5,  during  an  animal 
diet  it  ss  1  :  59*7;  i.  e.  there  is  a  relative  diminution.  The  proportion 
of  uric  acid  to  urea  during  a  mixed  diet  =  1 :  27*0,  during  an  animal 
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diet  it  =  1 :  32*7;  consequently  the  uric  acid  is  not  by  any  means 
increased  in  the  same  proportion  as  the  urea;  and,  indeed,  it  can 
hardly  be  regarded  as  produced  from  the  protein-compounds  in  the 
same  manner  as  the  urea  probably  is. 

The  mean  amount  of  free  lactic  acid  excreted  daily  (as  deduced 
from  four  analyses)  was  2*167  grammes. 

The  earthy  phosphates  were  determined  daily  from  the  27th  till 
the  31st  of  July,  when  the  experiments  were  discontinued. 

The  following  are  the  results  obtained: 


In  1000  parts 

In  100  par.B 

Dally  amoant 

of  uilne,  in  grammes. 

of  solid  residue. 

in  grammes. 

3K)9 

3^13 

3-374 

372 

4102 

3-642 

2^ 

4*134 

3-632 

2-70 

4-046 

3-635 

3-13 

3-994 

3.530 

Consequently,  during  a  purely  animal  diet,  3*562  grammes  of 
earthy  phosphates  are,  on  an  average,  discharged  daily  by  the 
urine;  while,  during  a  mixed  diet,  the  average  quantity  is  only  1*13 
grammes.  If  we  estimate  the  amount  of  earthy  phosphates  in  the 
albumen  at  22,  the  whole  quantity  consumed  daily  with  189*7 
grammes  of  albumen,  amounts  to  3*794  grammes;  consequently, 
much  the  greater  part  (namely,  3*562  grammes)  is  carried  off  by  the 
urine,  while  the  remaining  *232  of  a  gramme  is  removed  with  the 
excrements,  perspiration,  &c. 

During  a  mixed  diet,  a  much  larger  amount  of  earthy  phosphates 
was  consumed  without  there  being  a  corresponding  increase  in  the 
urine,  the  greater  part  being  removed  by  the  intestinal  canal.  Ge- 
nerally speaking,  the  amount  of  excreted  earthy  phosphates  exceeds 
the  amount  consumed,  the  excess,  doubtless,  arising  froni  the  oxida- 
tion of  the  phosphorus  contained  in  the  protein-compounds  during 
the  metamorphosis  of  the  tissues.  This  view  is  confirmed  by  the 
preceding  observations;  for,  during  the  egg-diet,  the  phosphorized 
fat  contained  in  the  oil  of  the  yelk  is  conveyed  into  the  fluids  of  the 
body,  and,  by  the  oxidation  of  its  phosphorus,  in  addition  to  the 
phosphorus  of  the  protein-compounds,  the  phosphoric  acid  of  the 
phosphate  of  lime  is  generated,  while  only  a  portion  of  the  earthy 
phosphates  of  the  food  is  conveyed  into  the  blood.  Lime  occurs  in 
the  blood  in  considerable  quantity,  being  conveyed  there  by  the  wa- 
ter taken  as  drink,  and  combining  readily  with  the  free  phosphoric 
acid.  Moreover,  a  farther  confirmation  of  this  view  is  afforded  by 
the  fact  of  the  increased  excretion  of  phosphate  of  soda.  During  a 
mixed  diet,  the  daily  average  is  3*673  grammes,  while,  during  a 
purely  animal  diet,  it  amounts  to  about  5*217  grammes. 

Lehmann  next  proceeded  to  investigate  the  effects  of  a  strictly 
vegetable  diet  The  urine  was  examined  daily  from  the  12th  to  the 
23d  of  August :  it  was  of  a  yellowish-brown  rather  than  a  yellow  co- 
lour; it  had  a  faint  odour,  and  a'decidedly  acid  reaction,  which  did 
not  disappear  for  six  or  eight  days.  The  morning  urine  was  of  a 
36 
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dark  brown  colour,  and  rapidly  deposited  mucous  sediment,  after 
which  there  was  a  gradual  separation  of  bright  red  crystals  of  orie 
acid.  The  following  table  contains  the  daily  amount  of  urine  and  of 
its  solid  constituents,  and  the  specific  gravity: 

Solid  ntHrn  Iteilj  uMWit 


Ahwlaic  weiflK 

oTviMisMbMuv, 

Specgra 

imgnmmea. 

dec 

ioa&9 

765 

lOOfrl 

1069 

1U20-1 

978 

102&-7 

1312 

10164 

817 

1032-3 

916 

102&6 

720 

1034-2 

796 

1029« 

931 

i(ms 

811 

102d« 

892 

1027-9 

1000  parts.  i 

6fO0 

82-76  63-31 

5&e5  50-14 

60-13  s&ei 

5001  60€1 

75^  61-63 

eyao  57-79 

80-76  58-15 

70^  5&44 

5&09  54-06 

67-01  56-35 

6&0d  58<e 

By  taking  the  mean  of  these  numbers  we  are  enabled  to  construct 
the  following  table : 

Od                         On  Ob 

■nizrd  diet.  •■imal  food.  TC|«Uble  feod. 

Amount  of  urine  in  24  boon          -    1057-8  gr.  1202-5  gr.  909    gr. 

Specific  gnTihr       -            -            •     10220                 10271  1027-5 

Solid  rendue  in  1 000  jwtB  of  urine          ^-82                  7&48  6641 

Solid  coradtuente  in  21  hoon         -        67-82  gr.             87-44  gr.  59^  gr. 

The  amount  of  urea  was  ascertained  daily  from  the  17th  to  the 
23d  of  August: 

Urea  in  1000  parU  Urea  in  100  parti               Daily  amount  of  area, 

of  urine.  of  lolid  reridne.  in  franmea. 

28-87  38-145  ^-585 

2600  41-211  23-815 

20<j8  37-968  22069 

28-31  40H)78  22618 

22-42  3&607  20880 

25-52  33-093  21-467 

25^  39478  22-917 

Hence,  on  an  average,  the  urea  amounted  to  39*086§  of  the  solid 
residue,  and  22-481  grammes  were  daily  excreted.  The  effect  of  diet 
on  the  urea  may  be  seen  by  the  following  table: 

In  100  parU  of  Daily  amount, 

•olid  residue.  in  g rammes. 
Urea  during  a  mixed  diet                  -            -        46-230  32-496 

"         an  animal  diet  -  -        61-297  53*196 

**         a  vegetable  diet  -  -        39K)86  22481 

Consequently,  during  a  vegetable  diet,  there  is  both  an  absolute 
and  a  relative  diminution  of  urea. 
The  uric  acid  was  determined  on  five  occasions: 

Uric  acid  in  1000  parts  Uric  acid  in  100  parts              Daily  amount  of  uric  adkl, 

of  urine.  of  solid  residue.  in  erammea. 

1-40  1-836  1-135 

1-23  1-947  1125 

1-17  1-652  -933 

1-01  1-743  -942 

•89  1-489  -969 

Consequently,  the  average  daily  amount  (from  these  five  analyses) 
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was  1-021  grammes;  and^  on  comparing  this  with  the  previous  data^ 
we  have: 

In  100  pani  of  Daily  amoaot, 

aolld  residue.  in  fimmmee. 

Uric  acid  during  a  mixed  diet  -  -        1*710  1*183 

"  an  animal  diet  -  -        1-674  1*478 

"  a  vegetable  diet  -  -        1-737  1*021 

Hence  the  uric  acid  is  scarcely  affected  by  the  diet 
From  three  analyses  it  appeared  that  1*189  grammes  of  free,  and 
1*371  grammes  of  combined  laclic  acid  were  daily  excreted  during  a 
vegetable  diet;  and  associating  these  with  the  previous  numbers^  we 
have: 

During  During  During 

a  mixed  diet,     an  animal  diet.       a  vegetable  diet. 

Free  lactic  add    -  -       1^462  2'lb7  1*189  grammes 

Combined  lactic  add        -        1162  ?        .  1*371 

Hence  there  is  not  any  very  appreciable  effect  produced  on  the 
amount  of  the  lactic  acid.  The  phosphates  and  sulphates  were  much 
the  same  as  during  a  mixed  diet 

The  three  following  perfect  analyses  of  the  urine  were  instituted: 

Aug.  aOth.  Aug.  91tt.  Aug.  S3d. 

(the  0th day  ortbe experiment.; 


Water 

929*10 

Solid  reaidiie 

70-90 

Urea 

23*31 

Uric  add     - 

117 

Lactic  add 

1*55 

Lactates 

2-39 

Extractive  matter  soluble  in  water 

3^ 

alcohol  17-84 

Mucus        ...  •12 

Chlorides  of  sodium  and  ammonium  3*80 

Sulphates    -           -           -  7*16 

Phoinhaie  of  soda    -           -  3*54 

Earthy  phosphates  -           -  1*22 

The  following  table  shows  how  much  th 
influenced  by  diet: 

Extracthro  matters 

In  100  paru 
of  solid  reiidae. 

During  a  mixed  diet  -  -  16*637 

"        an  animal  diet  -  -  5*818 

"        a  vegetable  diet         -  -         29*482 

Lehmann  concluded  his  experiments  with  some  observations  on 
the  influence  of  a  strictly  non-nitrogenous  diet  on  the  urine.  These 
are  the  least  satisfactory  of  the  series,  because  the  general  health  be- 
comes so  rapidly  injured  as  to  afiect  the  results.  His  daily  food  con- 
sisted of  about  400  grammes  of  starch,  sugar,  or  gum,  and  125 
grammes  of  almond  oil.  The  urine  passed  auter  this  diet  had  been 
continued  for  twenty-four  hours,  had  a  brownish  red  colour,  a  slightly 
acid  reaction,  and  became  alkaline  in  twenty-four  to  thirty-six  hours. 
The  following  analyses  were  made  in  the  month  of  June,  on  the  2d 
and  3d  day  from  the  commencement  of  this  course  of  diet: 


941*91 

934*92 

58*09 

65H)8 

22*42 

25*69 

1*01 

0-89 

1*01 

1*35 

1*89 

2*06 

3*07 

3*71 

13-78 

15*77 

•10 

•10 

3*07 

3*71 

7*14 

7*23 

3-68 

3*74 

1*09 

111 

extrac 

tive  matters 

1 

Extractive  matters 

diicbarged  daily. 

10*489  grammes 

5*196 

16-499 
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1. 

iL 

• 

a53K>9 

96&11 

• 

4602 

34«9 

. 

le<» 

1106 

< 

•?0 

-54 

. 

A-ifJ 

5-11 

n  wster    ■ 

2^ 

8-71 

•Irahol    • 

fc-32 

8-78 

. 

•11 

•11 

mmonium 

2^74 

M4 

m                           m 

3^ 

SMie 

•             < 

301 

M0 

. 

lOO 

•91 

Ui 
Uric  acid 


Water 

Solid 
Uwa 

Uric  acid    - 
Lactic  acid  and  ladalea 
ExtracdTe  matter  aolnbfe  in  water 

Mucna 

CIdoridct  of  aodttim  i 
Snlphatra   • 
Phonhateofaoda  - 
Earthy  r^y^'hffa^  - 

Od  the  second  day  977  grammes,  and  on  the  third  1113  grammes 
of  urine  were  discharged^  so  that  the  whole  amount  was  calculated  as 
follows: 

On  the  3ri  dty.  On  the  3d  day. 

Solid  ooradtOGDia  44-524  grammei       3e€36  gnniBBa 

i&A6i  12-333 

•669  -601 

4-665  5067 

Extracdtv  matten      -  10^64  12^44 

In  conclusion,  the  following  table  gives  the  mean  daily  amount  of 
the  various  solid  constituents  during  these  different  systems  of  diet: 

Mixed  diet.  Aoiinal  diet.  Vegetable  diet.  Kon-nitroft  bom  diet. 
Solid  coDadtoenli                     67-62  67-44  59^  41-66gmHiMa 

Urea  -  -        32-50  53-20  22^16  1&41 

Uric  add  -  -  116  1-43  1-02  -73 

Lactic  add  and  lactates  2-72  2-17  208  &e8 

Extractive  matten        -        10-49  5-20  16-50  11-65  * 

Lehmann^  has  likewise  examined  the  effect  of  severe  bodily  exer- 
cise on  the  urine,  and  has  found  that  the  urea,  lactic  acid,  phosphates, 
and  sulphates  arc  increased,  while  the  uric  acid  and  extractive  mat- 
ters arc  diminished.  The  following  are  the  mean  results  obtained 
from  the  frequent  examination  of  the  daily  urine  during  a  pedestrian 
tour: 

In  34  bour#;  In  1000  parta. 

900-006  grammea        916-t07 

82-594  63-293 

45-314  45^97 

-642  -647 

3-140  3-166 

6-455  8-526 

4-596  4-696 

15047  15-174 

1-105  1-114] 

The  admirable  researches  of  Lccanu*  show  that  the  urine  of  the 
same  person,  analyzed  at  different  times,  gives  nearly  uniform  results. 

The  urine  of  persons  of  different  ages  and  sexes  exhibits  deviations 
both  in  the  relative  and  absolute  proportion  of  its  constituents,  while 
in  persons  of  similar  ages  and  sexes,  the  variations  are  very  trifling. 

The  quantity  of  urine  discharged  by  different  persons,  in  the 
course  of  the  twenty-four  hours,  varies  considerably,  even  although 
the  circumstances  under  which  the  observations  are  made  are  appa- 

1  Wagner'i  Handworteibuch  dor  Phyiioiogie:  Art.  Ham.  toL  2,  p.  21. 
*  Journal  de  Phannade,  ^  35, 1639. 
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rently  similar.  In  16  individuals  of  different  ages  and  sex,  with  dif- 
ferent but  sufficient  food,  the  quantity  varied  from  18  to  78  ounces. 

The  mean  specific  gravity  of  the  urine  of  different  persons  varies. 
The  highest  specific  gravity  was  1030,  the  lowest  1016.  It  was 
most  frequently  between  1020  and  1030.  The  urine  of  men  in  the 
prime  of  life  was  more  concentrated  than  that  of  old  men,  women, 
or  children. 

The  quantity  of  urea,  amounts,  according  to  Berzelius  and  Leh- 
mann,  to  nearly  one  half  of  the  solid  constituents;  according  to  my 
observations,  to  a  little  more  than  a  third.  It  follows,  from  the  ex- 
periments of  Lehmann,  which  have  just  been  stated,  that  these  pro- 
portions are  dependent  on  the  nature  of  the  food ;  it  is  certain,  how- 
ever, that  they  are  also  dependent  on  the  powers  of  assimilation,  for 
we  know  that  some  persons  thrive  upon  a  very  frugal,  and  barely 
sufficient  diet;  while  others  appear  half-starved,  although  taking  an 
abundance  of  nutritious  food. 

According  to  Lecanu,  the  quantity  of  urea  which  different  indivi- 
duals, living  under  different  circumstances,  secrete  during  the  same 
period,  differs  greatly;  it  approximates,  however,  in  proportion  to 
the  similarity  of  the  circumstances. 

In  the  course  of  twelve  days  there  was  secreted  by — 

A  man  aged  20  yeaiBy  334  grammea  of  urea 

22  334 

38  310 

43  351 

53  364 

A  woman  aged  28  205 

16  210 

A  child  aged       8  171 

8  163 

The  quantity  of  urea  is  greatest  in  men  in  the  prime  of  life;  it  is 
greater  in  women  than  in  old  men^  or  children.     It  amounts  in — 

Mean.  Maximoia.  Minimum. 


Men 
Women 
Old  men 
Children  affed  8 
4 


432  509  357  grains 

294  436  153 

125  189                    60 

207  253  161 

GO  82                   57 


The  quantity  of  urea  excreted  by  the  same  individual  in  twenty- 
four  hours,  is  always  nearly  the  same;  and  if  instead  of  twenty-four 
hours,  we  compare  it  for  a  longer  period,  the  deviation  will  be  still 
less  marked. 

The  quantity  of  uric  acid  excreted  in  twenty-four  hours  by  per- 
sons of  different  age  and  sex,  and  living  under  different  circumstances, 
is  as  variable  as  the  quantity  of  urea.  It  fluctuated  between  1*38, 
and  24-25  grains.  A  comparison  of  the  quantities  of  uric  acid  ex- 
creted during  a  longer  period  by  persons  of  the  same  age,  sex,  &c., 
will  show  that  they  nearly  coincide. 

In  twelve  days  there  were  excreted  by — 

36* 


4» 


4.' 


• 


A  pe 


Titt  *-?••- -'-•.  of  Cit-i  sai'j,  '€arL- T  jrhofp-nte*.  ciiixiie  rf  fodigs, 

ri-rt  <»r.*;'i€:r*oIy  wlih  az^  »r.i  sex.  I:  fr-c'-iited  ^La  Lccftn3*s  aii»- 
Ivtet,  hieVA-t^fi  '37%  ar-'i  75  gnlrj.  Tiierc  was  a;>p8rentlT  00  ani- 
iorrn^ty  Iri  istH  ar&^j::.:  of  theftS;  salts  In  *j&e  urine  of  the  sasic  penoo 
ti'irlrt^  dittitT^ril  equal  pn^lods.  For  instance,  in  a  mas  aged  20,  tbe 
aniOuM  of  fixed  Milts  in  the  urii:>e  of  tventj-foar  hours.  w^»  dcier- 
mine^l  four  times.     It  varied  from  S45  to  224  graiosi. 

In  men,  in  the  prime  of  life,  the  amo-jci  of  fixed  salts  is  hi^ber 
than  in  aged  persons,  children,  or  women. 

TTiey  occur,  according  to  Lecaoa,  in  the  following  proportions: 


fa  men           ...  9G0  373  1S3 

Woomh      .           •           •  9Q  308  166 

OuVifenofaUat^  jwi    -  135  IGs  152 

OMxtteo     -           -           -  121  151  M 

I^canu  fo'jnd  the  earthy  phosphates  in  the  urine  of  twenty-£Mir 
hours  vary  in  diflerent  persons  from  30-3  grains  to  rather  less  than 
half  a  grain. 

The  amount  of  earthy  pliosphates,  excreted  in  twenty-four  hours 
by  the  same  person,  is  not  always  uniform:  it  appears  to  have  no  di- 
rect connexion  with  either  age  or  sex. 

In  accordance  with  Guibourt  and  Raycr,  Lecanu  found  these  salts 
in  smaller  quantity  in  the  urine  of  old  men  than  in  that  of  children. 
From  the  analyses  made  by  Lecanu,  Lehmann,  and  myself,  it  appears 
that  the  variations  in  the  amount  of  earthy  phosphates,  both  absolute- 
ly and  relatively,  arc  less  than  those  of  the  other  constituents  of  the 
urine. 

A  considerable  difference  was  observed  by  Lecanu  in  the  amount 
of  chloride  of  sodium  excreted  by  different  persons.  In  his  analyses 
the  quantity  excreted  in  twenty-four  hours  fluctuated  between  116 
grains  and  a  quarter  of  a  grain.  Moreover,  the  quantity  excreted  by 
the  same  person  in  twenty-four  hours  is  by  no  means  constant  In 
four  ol)flcr  vat  ions,  each  made  on  the  urine  of  twenty-four  hours,  of  a 
man  aged  20,  the  maximum  was  116,  and  the  minimum  67  grains: 
in  six  similar  observations  on  the  urine  of  a  man  aged  35  years,  the 
maximum  -was  82,  and  the  minimum  29  grains.  Lecanu  found  the 
-quantity  of  chloride  of  sodium  very  small  in  the  urine  of  women  and 
Id  men. 
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It  is  clear  that  the  excretion  of  a  salt  taken  with  most  of  our  arti- 
cles of  food,  must  be  entirely  dependent  on  the  quantity  consumed, 
and  must  therefore  vary  very  considerably.  The  urine,  generally 
speaking,  is  deficient  in  salts  during  disease:  our  analyses  snow  that 
the  deficiency  occurs  at  the  expense  of  the  chloride  of  sodium ;  tlie 
sulphates  and  phosphates  taking  only  a  small  part  in  it.  I  have  ana- 
lyzed urine  in  typhus  which  contained  a  mere  trace  of  chloride  of 
sodium. 

Lecanu  observed  diSerences  similar  to  those  we  have  just  noticed 
in  the  alkaline  sulphates  and  phosphates.  The  quantities  excreted 
in  twenty-four  hours  not  only  varied  in  different  persons,  but  also  in 
the  same  persons  at  different  times.  From  my  analyses,  and  those 
of  Lehmann,  it  appears  probable  that  a  connexion  subsists  between 
the  quantity  of  urea  and  of  the  sulphates,  and  possibly  of  the  phos- 
phates likewise;  that  is  to  say,  the  sulphates  always  increase  with 
the  urea,  and  vice  versA.  I  incline,  therefore,  to  the  opinion  of  Ber- 
zelius,  that  at  least  a  portion  of  the  sulphates  and  phosphates  owe 
their  origin  to  the  oxidation  of  sulphur  and  phosphorus,  previously 
associated  with  protein  which  has  become  changed  during  the  active 
metamorphosis  of  the  blood.  We  do  not,  however,  mean,  in  making 
this  statement,  to  deny  that  the  salts  are  also  supplied  to  the  blood 
by  the  food,  and  again  separated  by  the  kidneys. 

The  five  following  results,  of  much  importance  in  physiology,  have 
been  deduced  from  the  admirable  researches  of  Lecanu: 

1.  The  quantity  of  urea  excreted  by  the  same  person  during  equal 
periods  is  constant 

2.  The  same  is  the  case  with  respect  to  the  uric  acid. 

3.  The  quantities  of  urea  and  uric  acid  excreted  by  different  per- 
sons during  equal  periods  are  variable. 

4.  The  varying  amounts  of  urea  excreted  during  equal  periods  by 
different  persons,  bear  a  relation  to  age  and  sex. 

5.  The  amount  of  fixed  salts  varies  in  different  persons  without 
reference  to  age  or  sex.  It  also  varies  in  the  same  person  during 
equal  periods. 

An  observation  simultaneously  made  by  Lehmann^  and  myself,^ 
appears  to  me  of  high  physiological  import.  We  have  ascertained 
that  the  amount  of  the  urea,  as  well  as  of  the  sulphates,  is  increased 
by  strong  bodily  exercise.  I  produced  this  state  by  taking  such  vio- 
lent exercise  for  two  hours  that  the  pulse  continued  for  some  time 
above  100. 

Farther  confirmation  of  the  above  observation  is  certainly  desirable. 

If,  however,  we  might  assume  it  as  a  general  fact,  it  would  be  an 
additional  argument  in  favour  of  my  view  regarding  the  formation  of 
urea;  for  it  would  then  become  still  clearer  that  the  urea  is  not 
formed  during  the  change  which  occurs  in  the  blood  as  a  consequence 
of  peripheral  nutrition,  but  that  it  is  formed  during  those  processes 
which  are  dependent  on  the  respiratory  and  circulatory  functions,  in 

1  See  page  4ia  'SeepupelOS. 
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which  wc  must  seek  for  the  greater  part  of  the  carbonic  acid  which  is 
exhaled^  and  for  the  principal  source  of  animal  heat.  I  refer  to  the 
active  metamorphosis  of  the  blood,  or  to  the  mutual  action  excited 
by  the  blood-corpuscles,  the  plasma,  and  the  oxygen  held  in  solution 
in  the  blood,  on  each  other. 

[I  am  indebted  to  the  kindness  of  Dr.  Percy  for  the  following 
analyses,  which,  to  a  certain  amount,  corroborate  Simon's  views. 

The  urine  of  a  man,  aged  30  years,  training  for  a  pedestrian  match, 
was  examined  on  two  occasions:  on  the  first,  a  quarter  of  an  hour 
after  running  a  mile  in  fiye  minutes  and  a  few  seconds;  on  the 
second,  after  running  three  races  of  one  mile  each  on  the  same  day. 

In  both  cases  the  urine  was  of  a  pale  straw  colour ;  it  deposited  a 
light  mucous  cloud  on  the  first  occasion,  and  was  rather  more  turbid 
on  the  second.  It  was  acid,  and  its  specific  gravity  was  1019.  It 
contained  in  1000  parts: 

1.  9. 


WatCT 

956-00 

950^ 

Solid  conitituenti 

44-00 

49^ 

Urea            .           -           - 

14-01 

ao-42 

Uric  ackl       -           -           - 

1-58 

-64 

Salt*  soluble  in  water 

1116 

7« 

Salt!  insoluble  in  water 

1-10 

1-48 

Although  the  soluble  salts  are  not  increased  as  in  the  cases  of 
Lehmann  and  Simon,  the  augmentation  of  urea  is  very  striking.] 

To  sum  up  once  more:  the  urine  is  most  abtindant  in  urea,  uric 
acid,  and  the  most  important  salts,  in  men  in  the  pifime  of  life;  it  is 
less  rich  in  these  constituents  in  women;  while  the  minimum  occurs 
in  old  men  and  children.  The  nature  of  the  food  exerts  an  influence 
upon  the  composition  of  the  urine;  the  amount  of  urea  is  increased 
by  an  excess  of  nitrogenous  food,  and  diminished  after  living  on 
food  deficient  in  nitrogen.  Upon  a  diminution  of  the  quantity  of 
food,  the  urine  becomes  deficient  in  nitrogen,  as  has  been  shown  by 
my  own  experiments^  and  those  of  Lehmann;  but  the  separation  of 
nitrogenous  compounds,  as  for  instance  urea,  through  the  urine, 
occurs  even  when  no  food  is  taken.  The  urine  is  most  abundant  in 
urea  and  sulphates  after  active  bodily  exercise,  in  consequence, 
doubtless,  of  increased  vascular  excitement  The  quantity  of  urine 
discharged  in  twenty-four  hours,  amounts  on  an  average  to  about  45 
ounces.  It  is  more  abundant  in  the  prime  of  life  than  in  old  age  or 
childhood,  and  in  the  male  than  in  the  female  sex. 

ON  PATHOLOGICAL  CHANGES  IN  THE  URINE. 

During  disease  the  urine  may  undergo  numerous  modifications, 
both  in  its  physical  characters  and  its  chemical  constitution.  The 
chemical  changes  may  be  reduced  to  one  of  the  following  forms. 

1.  One  or  more  of  the  normal  constituents  of  the  urine  existing  in 
larger  quantity  than  in  healthy  urine. 

1  Biande's  Ardiiy.  xxiL  pw  2^ 
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2.  One  or  more  of  the  normal  constituents  existing  In  less  quantity 
than  in  healthy  urine. 

3.  A  normal  constituent  absent.  \ 

4.  The  presence  of  substances  that  do  not  exist  in  normal  urine. 

QualUathe  and  qiMnlitative  analyses  of  urine  modified  by  disease. 

In  tracing  the  changes  which  the  urine  undergoes  in  disease,  the 
simple  addition  of  certain  tests  is  sometimes  all  that  is  sufficient, 
while  in  other  cases  it  is  requisite  to  institute  a  quantitative  analysis. 
I  shall  now  proceed  to  describe  these  changes  in  accordance  with 
the  above  scheme. 

INCREASE,  DECREASE,  OR  ABSENCE  OF   THE  NORMAL  CONSTITUENTS 

OF  THE  UBINE. 

1.  Increase  or  diminution  of  Uie  solid  constituents  generally. 

I  have  already  observed  that  the  proportion  of  the  solid  constitu- 
ents to  the  water  is  so  very  variable,  is  so  dependent  upon  the 
vicarious  action  of  the  skin  and  lungs,  and  upon  the  quantity  of  fluid 
that  has  been  taken  into  the  system,  that  it  is  impossible  (without  •  \ 

taking  other  facts  into  consideration)  to  determine  from  the  urine \ 
alone,  whether  a  mere  increase  or  decrease  of  the  solid  constituents 
is  due  to  diseased  action.     Pale  urine,  more  or  less  like  water,  may 
be  fairly  considered  deficient  in  solid  matters,  while  a  deep  brown 
colour  is  indicative  of  an  abundance  of  these  constituents. 

The  specific  gravity,*  and  still  more  the  determination  of  the  solid 
constituents  in  the  manner  whicli  has  been  already  described,  will 

SjiPe  the  required  information.  The  colour  of  the  urine  is  sometimes 
eccptive,  especially  the  fiery  red  that  occurs  during  fevers.  Urine 
of  this  sort  is  frequently  found  to  be  poorer  in  solid  constituents,  and 
its  specific  gravity  lower  than  we  should  have  anticipated  from  its 
colour:  it  is  usually,  however,  more  abundant  in  uric  acid  than 
normal  urine. 

2.  Increase  or  decrease  of  free  lactic  acid. 

With  a  little  practice  we  may  form  a  rough  estimate  of  the 
increase  of  free  acid,  by  observing  the  colour  which  the  urine  imparts 
to  blue  litmus  paper.  If  neither  the  blue  nor  the  red  litmus  paper 
18  affected  the  urine  is  neutral. 

3.  Increase f  decrease^  or  absence  of  urea. 

In  the  course  of  my  analyses,  I  have  found  that  the  quantity  of 
urea  may  vary  from  0-3J  to  2-4g  in  fresh  urine;  I  have  observed, 
however,  at  the  same  time,  that  these  statements  are  very  deceptive, 
if  the  amount  of  solid  residue  is  not  at  the  same  time  given.     It  is 

1  The  oommoQ  urmometer  k  sufficiently  accurate  ibr  oidinaiy  caaeii 
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only  by  comparing  it  with  the  solid  residue  that  we  can  judge 
whether  the  urea  has  increased  or  decreased  in  an  extraordinary 
manner.  In  healthy  urine  the  urea  may  probably  fluctuate  from  i 
to  i  of  the  weight  of  the  solid  constituents.  Further  experience  is 
wanted  to  show  whether  an  increase  or  decrease  of  this  constituent 
(apart  from  other  changes)  imph'es  a  diseased  state  of  the  urine. 

Urine  has  been  known  to  yield  crystals  of  nitrate  of  urea,  a  short 
time  after  the  addition  of  nitric  acid,  without  being  first  concen- 
trated by  evaporation.  Indeed  Lehmann  observed  that  his  morning 
urine,  after  living  exclusively  for  five  days  on  animal  food,  contained 
so  much  urea,  as  to  stifien  immediately  upon  the  addition  of  nitric 
acid.  This  might  arise  either  from  an  absolute  increase  of  urea,  or 
from  a  relative  increase,  corresponding  with  an  augmentation  of  the 
solid  constituents  generally. 

An  entire  absence  of  urea  has  been  observed  in  cases  of  diabetes 
insipidus,  in  which  the  urine  is  distinguished  by  an  extreme 
deficiency  of  solid  constituents:  such  statements  should,  however,  be 
received  with  caution.  Willis^  instances  such  cases;  he  is, however, 
inclined  to  believe  that  it  is  always  present  in  very  small  quantity. 
In  order,  therefore,  to  ofier  a  decided  opinion  regarding  either  the 
absolute  pathological  increase  or  decrease  of  urea,  it  is  requisite  to 
estimate  its  weight,  and  the  ratio  of  its  weight  to  that  of  the  solid 
constituents  generally.  The  method  of  determining  the  urea  is 
described  at  page  397.  If  the  quantity  of  urea  is  so  small  as  to 
render  the  crystallization  of  its  nitrate  imperceptible  to  the  naked 
eye,  the  microscope  must  be  used  in  the  manner  described  when 
treating  of  the  Blood,  in  page  154. 

4.  Increase  J  decrease,  or  absenee  of  uric  acid  and  the  urtUes. 

The  variation  in  the  quantity  of  uric  acid  in  diseases  has  long  been 
known,  but  it  has  not  yet  been  determined  with  certainty  whether 
this  is  in  all  cases  an  absolute,  or  whether  in  some  cases  it  is  merely 
a  relative  increase  dependent  upon  the  increased  amount  of  solid 
constituents  generally.  The  point  must  be  determined  by  the 
quantitative  analysis  of  uric  acid,  and  its  ratio  to  the  solid  constitu- 
ents generally. 

a.  Increase  of  uric  acid.  Urine,  containing  an  excessive  quantity 
of  uric  acid,  exhibits  in  most  cases  a  very  high  colour,  and  has  an 
acid  reaction.  Its  specific  gravity  is  frequently  lower  than  would 
have  been  supposed  from  the  intense  colour. 

If  this  urine  is  allowed  to  stand  for  some  hours,  there  are  deposit- 
ed, partly  at  the  bottom,  and  partly  on  the  sides  of  the  vessel,  (and 
they  are  not  frequently  observed  on  the  surface,)  small  crystals  per- 
ceptible to  the  naked  eye,  whose  form,  under  the  microscope,  usually 
appears  as  delineated  in  fig.  23a,  sometimes  as  in  fig.  236.     Vigla* 

*  Urinarj  Diseases  and  their  Treatment.    By  Robert  Willis,  jc.d.  p.  12. 
s  Etude  microscopique  de  Turine,  eclair6e  par  FaDalyse  chymique.    (L'Experienoe,  ycL  1, 
p.  193.) 
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states,  that  in  addition  to  the  crystallized  uric  acid,  a  portion  separates 
as  an  amorphous  powder.  It  is  only  rarely  that  I  have  observed  uric 
acid  deposited  in  this  amorphous  form :  the  amorphous  sediment  of 
a  yellow  or  reddish  colour,  which  frequently  occurs  in  large  quantity 
in  acid  urine,  may  be  shown  to  consist  of  urate  of  ammonia,  by  its 
ready  solubility  when  the  urine  is  warmed.  Rayer,  in  his  work  on 
Diseases  of  the  Kidneys,  describes  the  crystalline  form  of  uric  acid, 
which  is  represented  in  fig.  23c. 

As  a  further  evidence  that  these  crystals  are  composed  of  uric  acid, 
they  may  be  tested  with  nitric  acid  in  the  manner  explained  in 
page  382. 

A  brown  or  reddish-brown  sediment  is  sometimes  observed  to  be 
deposited  in  dark  reddish-brown  urine,  which  docs  not  disappear 
either  upon  the  application  of  heat  or  the  addition  of  hydrochloric 
acid,  and  in  fact  in  the  latter  case  is  rather  increased.  Under  the 
microscope  it  exhibits  the  described  forms  of  uric  acid.  We  also 
observe,  although  more  rarely,  that  dark  urine  will  deposit  a  dense 
gray  or  yellow  granular  sediment,  which  is  shown,  by  the  application 
of  heat,  by  the  addition  of  hydrochloric  acid,  and  by  the  microscope, 
to  consist  also  of  uric  acid  coloured  by  a  peculiarly  small  quantity 
of  uroerythrin.  If  the  amount  of  uric  acid  is  to  be  determined 
quantitatively  in  these  instances,  we  must  have  regard  not  merely 
to  the  uric  acid  which  is  deposited,  but  also  to  that  which  remains 
in  solution.  The  amount  of  the  whole  urine  is  determined  as 
accurately  as  possible,  the  sedimentary  uric  acid  collected  on  a 
weighed  filter,  washed  with  distilled  water,  dried,  and  weighed. 
Any  uric  acid  that  adheres  to  the  glass,  and  cannot  be  removed  by  a 
feather  or  a  glass  rod,  or  by  washing  out  the  glass  with  water,  must 
be  treated  with  some  warm  solution  of  potash,  until  it  is  dissolved. 

The  alkaline  solution  must  be  filtered,  and  the  uric  acid  precipitated 
by  hydrochloric  acid,  collected  on  a  filter,  dried,  and  its  weight  ascer- 
tained. We  thus  estimate  the  ratio  of  the  separated  uric  acid  to  the 
whole  fluid  and  to  the  solid  residue,  if  indeed  this  element  has  been 
determined  from  a  weighed  quantity  of  the  urine.  A  certain  quan- 
tity of  the  urine  is  treated  with  hydrochloric  acid  in  the  manner  in- 
dicated in  page  397,  allowed  to  rest  for  twenty-four  to  forty-eight 
hours,  and  the  precipitated  uric  acid  collected  on  a  filter  and  weighed. 
We  thus  obtain  the  amount  of  uric  acid  held  in  solution,  and  its  ratio 
both  to  the  whole  amount  of  urine,  and  to  the  solid  residue. 

A.  Increase  of  urate  of  ammonia.  Urate  of  ammonia,  which,  as 
we  have  already  mentioned  in  page  381,  is  probably  an  invariable 
constituent  of  urine,  is  occasionally  excreted  to  a  very  large  amount 
during  the  exacerbations  of  fever,  arthritic  attacks  and  various  other 
diseases.  It  is  the  most  common  form  of  urinary  deposit,  but  seldom 
occurs  alone;  it  is  frequently  mixed  with  uric  acid,  sometimes  with 
urate  of  soda  or  of  lime,  and  occasionally,  but  not  often,  with  earthy 
phosphates.  Urine  depositing  urate  of  ammonia  is  generally  of  dark 
colour^  is  seldom  clear,  and  usually  exhibits  an  acid  reaction;  it  is, 


496  THE  SECRETIONS. 

however,  occasionally  neutral  or  even  alkaline.  It  is  only  in  the 
latter  case  that  earthy  phosphates  can  be  present,  as  they  are  never 
precipitated  in  urine  with  a  marked  acid  reaction.  The  colour  of 
uratc-of-ammonia  sediments  varies  from  a  yellowish  to  a  brick-red 
tint  The  red  sediments  frequently  contain  free  uric  acid,  and  some- 
times urate  of  soda:  nearly  white  sediments  of  urate  of  ammonia  i 
have  occasionally  been  obsen'ed.  Urate  of  ammonia  seems  to  pre- 
ponderate in  the  yellow  and  yellowish-red  sediments,  and  free  uric 
acid  in  those  of  a  more  purple-red  colour. 

All  these  sediments  may  contain  more  or  less  mucus. 

1.  If  the  sediment  consists  of  urate  of  ammonia  alqne,  it  may  be 
at  once  recognised  by  its  perfect  solution  when  the  fluid  is  raised  to 
incipient  ebullition.  To  determine  this  point,  the  clear  fluid  if 
poured  from  the  sediment,  some  of  which  is  placed  in  a  test  tube 
and  heated  over  the  flame  of  a  spirit-lamp:  the  fluid  first  becomes 
transparent  on  the  surface,  and  gradually  clears  throughout  its  whole 
extent:  on  being  allowed  to  cool,  it  again  becomes  turbid,  and  depo- 
sits the  sediment  afresh.  If  a  portion  of  the  sediment,  after  being 
washed,  is  rubbed  with  caustic  lime,  a  perceptible  odour  of  ammonia 
is  developed:  and  if  a  few  drops  of  nitric  acid  are  poured  over  it  in 
a  porcelain  basin,  and  gentle  heat  applied,  tlie  purple  colour,  indi- 
cating the  presence  of  uric  acid,  appears.  On  heating  a  little  of  it 
on  platinum  foil,  it  burns  away  without  a  residue. 

2.  If  uric  acid  is  mixed  with  the  urate  of  ammonia,  the  sediment 
sinks  rapidly  to  the  bottom,  as  a  dense  granular  i)Owder,  after  the 
fluid  has  been  cleared  by  the  application  of  heat  If  hydrochloric 
acid  is  added,  after  the  urate  of  ammonia  has  been  dissolved  by  heat, 
the  precipitate  on  cooling  consists  of  uric  acid  alone. 

3.  If  earthy  phosphates  are  mixed  with  the  urate  of  ammonia,  the 
urine  is  either  neutral  or  alkaline,  and  is  only  partiall}'  cleared  by 
heat     The  turbidity  which  remains,  produced  by  the  earthy  phos- 

C hates  in  suspension,  disappears  immediately  upon  the  addition  of 
ydrochloric  acid.     Free  uric  acid  is  precipitated  on  cooling. 

4.  If  mucus  or  pus  is  mixed  with  the  urate  of  ammonia  the  fluid 
becomes  only  partially  cleared  on  warming,  neither  does  it  become 
perfectly  clear  on  the  addition  of  hydrochloric  acid,  since  mucus  and 
pus  are  not  dissolved  by  that  agent  If  there  should  be  so  large  a 
proportion  of  mucus  and  earthy  phosphates  mixed  with  the  urate  of 
ammonia,  that  the  solution  of  the  latter  salt  on  the  application  of 
heat  produces  no  perceptible  eflect,  it  will  only  be  necessary  to  filter 
the  heated  urine,  and  to  allow  it  to  cool.  The  separation  of  urate  of 
ammonia  on  cooling  renders  it  turbid,  and  crystals  of  uric  acid  may 
be  obtained  on  the  addition  of  hydrochloric  acid. 

5.  If  urine  containing  urate  of  ammonia  is  albuminous,  it  is  neces- 
sary to  be  very  cautious  in  the  application  of  heat  as  a  test  On 
gently  warming  the  tube,  the  urate  of  ammonia  dissolves  before  the 
albumen  begins  to  coagulate.  If  the  fluid  which  has  thus  become 
clear  is  exposed  to  a  stronger  heat,  it  becomes  cloudy,  the  turbidity 


URINE.  427 

commencing  in  the  upper^  hottest  stratum  of  fluids  and  gradually  ex- 
tending itself.  ' 

Urate  of  ammonia  is  recognised  under  the  microscope  as  an  amor- 
phous mass,  in  which  large,  well-defined  globules,  sometimes  united 
two  and  two,  are  often  observed.  Fig.  28  a  and  b  exhibit  these 
forms.  It  is  obvious  from  a  comparison  of  fig.  2^  a,  and  fig  26, 
that  the  urate  of  ammonia,  in  consequence  of  its  form,  may  easily  be 
mistaken  for  phosphate  of  lime.  The  following  points  enable  us  to 
distinguish  them.  Phosphate  of  lime  occifrs  as  a  sediment  only  in 
neutral  and  alkaline,  never  in  acid  urine.  Phosphate  of  lime,  when 
examined  under  the  microscope,  disappears  instantaneously  on  the 
addition  of  a  little  hydrochloric  acid,  which  usually  develops  nu- 
merous air-bubbles.  The  sediment  of  urate  of  ammonia  docs  not 
disappear  so  rapidly  under  similar  treatment,  and  in  a  short  time, 
frequently  only  a  few  minutes,  its  place  is  occupied  by  rhombic 
crystals  of  uric  acid,  as  shown  in  ^g.  28  c. 

The  quantitative  determination  of  urate  of  ammonia  presents  no 
difficulty  when  no  other  constituent  is  present  in  the  sediment.  The 
weight  of  the  urine  and  the  amount  of  solid  residue  are  accurately 
determined:  the  sediment  is  collected  in  a  filter  of  known  weight, 
washed  with  a  little  ice-cold  water,  dried,  and  weighed.  The  ratios 
of  the  amount  of  sediment  to  that  of  the  whole  urine,  and  to  that  of 
the  solid  residue  are  thus  obtained.  In  order  to  separate  the  urate 
of  ammonia  from  uric  acid,  earthy  phosphates,  or  mucus,  with  which 
it  may  be  mixed,  the  sediment  must  be  collected,  and  the  quantity 
of  urine  from  which  it  was  deposited,  carefully  ascertained.  The 
sediment  must  then  be  placed  in  a  test-tube  with  a  little  of  the  urine, 
and  gradually  raised  to  the  boiling  point  (if  we  are  previously  as- 
sured that  no  albumen  is  present:)  it  must  then  be  filtered,  and  the 
residue  washed  with  a  litlle  hot  water,  while  the  clear  fluid  that 
passes  through  the  filter  must  be  artificially  cooled,  and  the  urate  of 
ammonia  allowed  to  separate.  It  must  be  collected  on  a  filter,  dried, 
weighed,  and  its  ratio  determined  in  reference  to  the  urine,  and  to 
the  solid  residue.  The  determination  of  the  urate  of  ammonia  as 
uric  acid,  from  which  the  amount  of  the  salt  might  be  calculated 
would,  perhaps,  give  safer  results,  since  uric  acid  is  less  soluble  than 
urate  oi  ammonia. 

The  fluid  which,  by  the  application  of  heat,  has  taken  up  the  urate 
of  ammonia  from  the  mixed  sediment,  must  be  concentrated  by  eva- 
poration, and  treated  while  still  warm  with  hydrochloric  acid.  Upon 
cooling,  the  uric  acid  will  separate  and  must  be  collected. 

c.  Increase  of  urate  of  soda.  I  am  not  certain  whether  urate  of 
soda  exists  in  normal  urine.  I  shall,  however,  proceed  to  state  in 
what  manner  its  presence  may  be  recognised  in  certain  pathological 
conditions.  Deposits  of  urate  of  soda  alone  are  not  often  to  be  met 
with;  this  substance  is,  however,  frequently  associated  with  uric-acid 
and  uratc-of-ammonia  sediments.  Urate  of  soda  is  detected  chemi- 
cally in  the  same  manner  as  urate  of  ammonia;  like  that  salt  it  dis- 
37 
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solves  on  the  application  of  heat;  and  when  warmed  on  a  porcelain 
capsule  with  a  little  nitric  acid,  it  develops  the  same  purple  colour. 
It  diflers,  however,  from  that  salt,  in  not  developing  an  odour  of  am- 
monia when  rubbed  with  caustic  potash,  and  in  leaving  a  white  ad- 
hesive residue,  when  heated  on  platinum  foil.  This  residue,  when 
moistened  with  water,  colours  red  litmus  paper  blue,  and  froths  when 
treated  with  hydrochloric  acid, — (carbonate  of  soda.)  It  may  be 
distinguished  in  the  same  manner  as  the  urate  of  ammonia  from  uric 
acid,  earthy  phosphates,  mucus,  or  pus. 

Under  the  microscope  it  presents  the  form  of  globules,  mingled 
with  small  prisms  arranged  in  stellar  groups:  at  least  it  is  in  this  form 
that  I  have  always  seen  it  when  obtained  artificially;  and  I  have 
detected  such  globules,  only  of  a  more  opaque  appearance,  in  certain 
urinary  sediments.  These  forms  arc  exhibited  in  fig.  29  a  and  b. 
Certain  forms  described  by  Vigia  and  Quevenne  are  given  in  fig.  29  c. 
This  peculiar  crystalline  arrangement  is  sufficiently  characteristic  to 
enable  the  urate  of  soda  to  be  detected  when  mixed  with  urate  of  am- 
monia, or  other  sedimentary  matters,  cither  crystalline  or  amorphous. 

For  a  quantitative  analysis  of  a  sediment  consisting  Qf  pure  un- 
mixed urate  of  soda  we  must  proceed  in  exactly  the  same  manner  as 
for  urate  of  ammonia.  If,  however,  it  is  mixed  with  uric  acid,  earthy 
phosphates,  or  mucus,  the  same  method  must  be  adopted  as  for  urate 
of  ammonia  under  similar  circumstances.  If  urate  of  ammonia  is 
mixed  with  urate  of  soda,  they  are  both  held  in  solution  when  the 
urine  is  warmed,  and  are  thus  separated  from  the  other  constituents 
of  the  sediment. 

The  solution  is  then  slightly  concentrated  by  evaporation,  and 
afterwards  thoroughly  cooled.  The  alkaline  urates  separate  them- 
selves, are  collected  on  a  filter,  dried,  and  weighed.  If  the  filter 
with  its  contents  is  then  incinerated  in  a  platinum  crucible,  the  urate 
of  soda  will  leave  carbonate  of  soda,  which  must  be  converted  into  a 
sulphate,  and  determined  in  that  form.  From  the  sulphate  of  soda 
we  can  reckon  the  urate,  and  by  deducting  the  latter  from  the  whole 
amount  of  alkaline  urates,  we  obtain  the  amount  of  urate  of  ammonia. 

d.  Decrease  of  uric  acid,  A  relative  and  an  absolute  decrease  of 
uric  acid  has  frequently  been  observed.  In  diabetes  mellitus  I  have 
sometimes  been  unable  to  obtain  any  trace  of  it,  while  in  other  cases 
I  have  found  it  If  the  method  described  in  page  382  fails  in  yield- 
ing any  traces  of  uric  acid  we  are  not  justified  in  assuming  its  entire 
absence.  In  doubtful  cases  we  must  evaporate  a  large  quantity  of 
urine,  and  treat  the  residue  with  alcohol.  The  portion  of  the  residue 
which  is  insoluble  in  alcohol  must  be  dissolved  in  acidulated  water, 
and  there  is  then  an  insoluble  residue  left,  consisting  of  mucus,  silica, 
and  uric  acid  (if  this  constituent  be  present.)  If  the  nitric-acid  test  be 
then  carefully  applied,  we  may  convince  ourselves  with  certainty  whe- 
ther there  is  an  entire  absence  of  uric  acid. 
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5.  Increase  or  diminution  of  the  extractive  matters  and 

ammonia- compounds. 

An  increase  or  diminution  in  the  quantity  of  the  extractive  mat- 
ters^ of  the  chloride  of  ammonium,  and  lactate  of  ammonia,  in  patho- 
logical conditions  of  the  urine  can  only  be  ascertained  by  the  analy- 
tical proceedings  described  in  pages  384  and  398. 

6.  Increase  or  diminution  of  the  fixed  salts. 

The  qualitative  and  quantitative  variations  occurring  in  the  mix- 
ture of  the  fixed  salts  of  the  urine  in  disease  are  deserving  of  much 
attention.  Some  of  these  changes  may  be  recognised  without  diffi- 
culty. 

a.  Increase  or  diminution  of  the  earthy  phosphates. 

There  are  certain  diseased  states  of  the  sj'stem  in  which  the  earthy 
phosphates  are  absolutely  increased  to  a  very  marked  degree;  there 
are  others,  again,  in  which  they  decrease  in  an  extraordinary  manner^ 
or  even  altogether  disappear. 

a.  It  is  no  very  rare  occurrence  for  the  free  acid  of  the  urine  to 
become  neutralized  by  the  formation  of  ammonia,  and  the  urine  thus 
becoming  neutral  or  even  alkaline,  the  earthy  phosphates  are  preci- 
pitated. Urine  in  which  these  events  occur  is  most  commonly  light- 
coloured;  sometimes,  however,  dark.  Blue  litmus  paper  is  not  at  all 
reddened  by  it,  in  fact  red  litmus  is  usually  rendered  slightly  blue, 
and  in  some  cases  a  powerful  alkaline  reaction  is  manifested.  Gene- 
rally speaking,  the  urine  is  clear  and  slightly  acid  at  the  period  of 
its  emission,  but  in  a  very  short  time  it  undergoes  the  change  we 
have  stated;  a  change  which  also  occurs  in  normal  urine,  but  not  till 
after  the  lapse  of  several  days.  It  becomes  turbid,  a  film  is  formed 
on  the' surface  in  which  minute  crystals  may  be  frequently  detected 
with  the  naked  eye.  A  sediment  shortly  begins  to  form,  and  at  the 
same  time  the  inner  surface  of  the  glass  which  contains  the  urine 

I  [At  the  meeting  of  the  German  Association  of  Natural  Philosophers,  held  at  Nuremberg 
laM  September,  apaper  was  read  by  Scherer,  on  the  extractive  matters  of  the  urine.  The  fol- 
lowing are  the  prinapal  £ict8  he  has  ascertained.  The  neater  portion  of  the  extractive  mat- 
ten  is  merely  a  pigment  analogous  to  those  of  the  bloou  and  hue.  It  may  be  thrown  down 
from  tbe  urine  by  acetate  of  lead,  and  by  treating  the  precipitate  with  alcohol  and  hydrochlonc 
idd,  it  may  be  obtained  in  a  state  of  purity.  In  healthy  individuals  it  yields  from  G2  to  63 
per  cent  of  carbon,  and  from  G*2  to  G'4  of  hydrogen.  In  fevers,  when  there  is  rapid  waste 
of  ti»ue,  and  the  fiinctions  of  the  lungs  and  liver  are  inactive,  the  carbon  may  amount  to  66 
or  67,  and  the  hydrogen  to  7*2  per  cent.  An  increase  in  the  quantitjr  of  extractive  or  coloor- 
mg  matter  ma^  be  d^ecied  by  boiling  urine  in  a  test-tube,  and  adding  a  little  hydrochloric 
add  to  it  Urme  ccxitaining  an  excess  of  this  colouring  matter  becomes  of  a  dark  colour,  and 
OD  cooling  deposits  a  brownish,  bbckish,  or  frequently  an  indigo-blue  sediment,  freely  soluble 
in  aloohoL  Scheier  believes  that  this  cdouiing  matter  is  formed  from  the  hsmatin  of  arterial 
falood,  and  that  the  amount  of  carbon  contained  in  this  pigment  varies  inversely  with  the  de- 
gree of  oxidation  of  the  blood;  that  its  formation  is  analogous  to  the  formation  of  uric  acid 
snd  urea ;  that  thecarbon  and  hydrogen  contamed  in  it  do  not  increase  in  an  equal  ratio;  and 
that,  finally,  a  long-continued  secretion  of  urine,  rich  in  this  cdouring  matter,  usually  induces 
'  and  emacntkxi.    (Med.  Times,  Oct  U,  1845.)] 
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becomes  covered  with  a  stratum  of  salts;  at  least  I  have  observed  this 
to  occur  in  several  instances.  Sediments  of  this  kind  are  sometimes 
scanty,  sometimes  very  copious.  I  have  seen  a  case  in  which  the 
sediment,  which  consisted  almost  entirely  of  earthy  phosphates,  occu- 

ried,  when  it  had  entirely  settled,  one  third  of  the  volume  of  the  fluid, 
received  from  a  physician  of  this  city,  a  portion  of  dried  urinary 
sediment  which  consisted  almost  entirely  of  pure  earthy  phosphates. 
This  fragment  bore  evident  traces  of  the  form  of  the  glass  in  which 
the  urine  had  been  kept,  and  it  was  of  the  extraordinary  thickness 
of  nearly  an  inch  and  a  half.  Earthy-phosphate  sediments  arc  seldom 
perfectly  pure;  their  colour  is  while,  gray,  yellow,  or  reddish. 
White  and  gray  sediments  consist  principally  of  earthy  phosphates 
and  mucus;  yellow  and  reddish  sediments  contain  a  greater  or  less 
admixture  with  urates. 

That  the  sediment  is  composed  of  earthy  phosphates  we  are  assured 
by  the  following  chemical  facts.  The  urine  from  which  it  is  preci- 
pitated is  neutral,  or  more  commonly  alkaline;  the  sediment  does  not 
dissolve  on  the  application  of  heat,  like  the  urates;  it  is,  however, 
readily  dissolved  by  the  addition  of  an  acid  (hydrochloric,  nitric,  or 
acetic,)  to  the  urine;  a  property  which  is  not  enjoyed  by  sediments 
of  the  urates,  of  mucus,  or  of  pus.  If  the  sediment  contain  so  large 
a  proportion  of  urates  and  mucus  that  the  addition  of  dn  acid  does  not 
produce  any  obvious  degree  of  clearing,  the  acidulated  urine  must  be 
gently  warmed  and  filtered  from  the  insoluble  constituents.  Upon 
the  addition  of  free  ammonia  to  the  clear,  filtered  fluid,  the  earthy 
phosphates  will  be  precipitated. 

The  nature  of  the  sediments  may  be  still  more  quickly  ascertained 
by  the  microscope.  If  the  sediment  consists  of  earthy  phosphates, 
we  observe  the  beautiful  crystals  of  ammoniaco-magnesian  phosphate 
depicted  in  fig.  27,  and  also  amorphous  masses  of  phosphate  of  lime, 
fig.  2Q.  Upon  the  addition  of  a  minute  quantity  of  free  acid  to  the 
objects  on  the  field  of  the  microscope  the  crystals  and  amorphous 
masses  immediately  disappear,  and  at  the  same  time  numerous  air- 
bubbles  are  liberated.  If  the  earthy  phosphates  have  been  dissolved 
by  a  little  acidulated  water  from  the  urates  and  mucus  or  pus,  with 
which  they  were  associated,  and  are  then  precipitated  from  the  fil- 
tered solution  by  free  ammonia,  tlie  precipitate  exhibits  other  forms 
under  the  microscope. 

I  have  represented  these  forms,  which  seem  to  vary  according  to 
circumstances,  in  fig.  30.  Fig.  30  a  exhibits  the  diflcrent  forms 
under  which  the  ammoniaco-magnesian  phosphate  is  precipitated,  in 
which  the  predominating  character  is  the  forked  arrangement  of  the 
crystals.  Fig.  30  b  exhibits  the  forms  in  which  the  phosphate  of 
lime  appears. 

The  quantitative  determination  of  earthy-phosphate  sediments  pre- 
sents no  difficulty,  if  other  constituents  are  not  also  present.  The 
metliod  of  proceeding  is  exactly  tlie  same  as  for  the  quantitative  de- 
termination of  the  urate-of-ammonia  sediment  in  page  427.     Its 
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amount  must  be  determined  in  reference  to  the  whole  quantity  of 
urine,  and  to  the  amount  of  solid  residue. 

In  order  to  separate  the  earthy  phosphates  from  urates,  and  mucus 
or  pus,  the  sediment  must  be  collected,  washed  with  a  weak  solution 
of  ammonia,  the  earthy  phosphates  taken  up  by  water  acidulated 
with  hydrochloric  acid,  precipitated  from  the  filtered  solution  by  free 
ammonia,  collected  on  a  filter,  dried,  and  weighed.  Upon  submit- 
ting the  dried  precipitate  to  a  strong  heat  the  ammonia  is  given  off, 
and  the  weight  proportionally  diminished.  The  ratio  of  the  earthy 
phosphates  to  the  solid  residue  of  the  urine  enables  us  to  determine 
whether  an  increase  in  this  particular  class  of  constituents  has  oc- 
curred. If  the  relative  quantities  of  phosphate  of  lime  and  ammo- 
niaco-magnesian  phosphate  are  required,  the  separation  must  be  con- 
ducted on  the  principle  described  in  page  399. 

p.  Diminution  of  the  earthy  phosphates.  There  can  be  no 
doubt  that  in  certain  diseases  the  earthy  phosphates  are  much  dimi- 
nished, and  that  occasionally  they  altogether  disappear.  If  the 
amount  of  earthy  phosphates  in  the  urine  should  be  so  slight  that, 
upon  the  addition  of  free  ammonia  no  precipitate  is  observed,  it  will 
be  necessary,  in  order  to  be  assured  of  the  entire  absence  of  this  con- 
stituent, to  evaporate  a  large  quantity  of  urine,  to  incinerate  the 
solid  residue,  to  dissolve  the  ash  in  water  containing  a  little  nitric 
acid,  and  then  to  add  ammonia.  If  no  precipitate  is  formed  after 
the  fluid  has  been  warmed  and  allowed  to  rest  for  some  hours,  the 
absence  of  earthy  phosphates  may  be  considered  as  proved. 

b.  Increase  or  diminution  of  the  chloride  of  sodium  and  of  the 
fixed  alkaline  sulphates  and  phosphates. 

The  quantity  of  fixed  alkaline  salts  almost  always  decreases 
during  disease,  principally  in  consequence  of  the  diminution  of  the 
chloride  of  sodium,  which,  however,  is  by  no  means  one  of  the  most 
important  of  the  saline  constituents,  and  whose  weight  may  be  de- 
termined in  the  manner  described  in  page  401.  It  is  different, 
however,  with  the  alkaline  phosphates  and  sulphates,  which  (more 
especially  the  sulphate  of  potash,)  appear  to  fluctuate  considerably 
in  disease. 

We  may  readily  be  convinced  of  the  presence  or  of  the  total  ab- 
sence of  the  aforesaid  salts  in  urine  which  has  become  modified  by 
disease,  by  the  application  of  certain  tests,  or  by  the  methods  which 
have  been  enumerated  in  page  393,  under  9,  10,  and  11;  indeed  the 
practised  experimenter  will  be  able  to  judge  from  the  specific  gra- 
vity whether  there  is  any  decided  increase  or  diminution  in  the 
amount  of  the  fixed  alkaline  salts. 

As,  however,  it  is  of  importance  to  know  the  exact  amount  of  the 
alkaline  sulphates  and  phosphates  in  certain  diseases,  we  must  adopt 
the  method  described  in  page  401,  and  determine  the  relation  of 
these  salts  to  the  solid  residue. 

37* 
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7.  Increase  qf  mucus. 

In  catarrhal  aflfections  of  the  bladder  the'&mount  of  mucus  in  the 
urine  is  often  very  much  increased.  The  urine  in  these  cases  is  acid 
or  neutral,  but  frequently  exhibits  a  strong  tendency  to  become  am- 
moniacal  in  a  short  time.  The  colour  is  usually  unaffected,  and  sel- 
dom higher  than  ordinary.  If  there  is  a  very  large  proportion  of 
mucus  in  the  urine,  a  diffuse  sediment  of  a  viscid  consistence,  and  of 
m  white,  yellowish,  or  dirty  yellow  colour,  will  separate  itself. 

If  the  urine  exhibits  a  strong  tendency  to  the  formation  of  am- 
monia, the  mucus  will  become  very  tough,  and  almost  thready. 
The  supernatant  fluid  is  somewhat  turbid,  but  heat  induces  no 
coagulation  unless  albumen  be  present 

The  mucus  may  be  recognised  under  the  microscope  by  the  pecu- 
liar mucus-granules,  which  are  usually  rather  larger  and  less  granular 
than  those  from  the  mucous  membrane  of  the  lungs  or  nose. 

I  have  represented  the  mucus  of  the  bladder^  as  it  occurs  in  cer- 
tain pathological  states,  in  fig.  31  cr. 

Mucus  frequently  accompanies  sediments  of  the  urates  and  earthy 
phosphates,  and  its  presence  in  these  cases  may  be  detected  by  the 
microscope.  When  mucus  is  separated  in  large  quantity,  (as  in  ve- 
sical catarrh,)  carbonate  of  ammonia  is  soon  formed,  and  we  always 
find  numerous  crystals  of  ammoniaco-magnesian  phosphate* 

The  quantitative  estimation  of  the  mucus  must  be  effected  in  the 
manner  described  in  page  396.  The  ratio  of  its  weight  to  that  of 
the  solid  constituents  must  be  determined. 

In  order  to  ascertain  the  quantity  of  mucus  in  a  sediment  of  urates 
and  earthy  phosphates,  the  sediment  must  be  collected,  the  urates  dis- 
solved in  hot  water,  and  the  earthy  phosphates  then  taken  up  by 
acidulated  water.  The  mucus  will  remain  on  the  filter^  and  must  be 
dried  and  weighed. 


The  method  of  conducting  the  quantitative  analysis  of  diseased 
urine  is  precisely  the  same  as  for  the  healthy  secretion,  provided  the 
changes  are  only  dependent  upon  an  increase  or  diminution  of  one  or 
more  of  the  normal  constituents;  indeed  it  may  be  still  more  simpli- 
fied by  omittine  the  exact  determination  of  the  lactic  acid,  the  lac- 
tates, the  chloride  of  ammonium,  and  the  extractive  matters. 

The  proportions  of  water  and  of  solid  residue  must  be  determined, 
in  the  manner  already  described,  from  a  weighed  quantity  of  filtered 
urine.  The  residue,  after  being  dried  over  sulphuric  acid,  must  be 
moistened  with  a  little  warm  water,  and  then  thoroughly  extracted 
with  anhydrous  alcohol.  The  undissolved  portion  must  be  dried, 
weighed,  and  incinerated.  The  extractive  matters  and  uric  acid  are 
consumed,  and  there  remain  the  earthy  phosphates,  the  alkaline  sul- 
phates and  phosphates,  and  the  chloride  of  sodium^  which  must  be 
separated  and  determined. 
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The  anhydrous  alcoholic  solution  must  be  gently  evaporated,  dried 
oyer  sulphuric  acid,  weighed,  and  dissolved  in  a  little  water.  The 
urea  must  be  then  precipitated  as  a  nitrate,  which  must  be  separated 
and  dried  in  the  ordinary  manner,  weighed,  and  the  weight  of  urea 
calculated  from  it.  By  subtracting  the  weight  of  urea  from  that  of 
the  whole  of  the  alcohol-extract,  we  obtain  as  a  residue  the  lactates, 
chloride  of  ammonium,  alcohol-extract,  and  lactic  acid,  if  any  should 
be  present. 

The  uric  acid  must  be  determined  from  a  separate  portion  of  urine. 
If  any  sediment  occurs  in  the  urine,  it  must  be  separated,  and  its 
weight  ascertained  in  relation  to  the  weight  of  the  urine.  After 
having  ascertained  its  general  nature,  its  various  constituents  must 
be  determined  by  the  methods  already  given. 

If  the  morbid  urine  contains  substances  which  do  not  occur  in  the 
healthy  secretion,  this  method  will  even  then  often  hold  good,  since 
the  abnormal  ingredients  are  sought  for  by  independent  processes. 
In  many  cases,  however,  a  change  is  requisite;  and  I  shall  proceed 
to  notice  the  various  cases  that  may  occur. 

1.  Qualitative  and  quantitative  determination  of  substances 

which  do  not  occur  in  normal  urine. 

Albumen  is  frequently  present  in  the  urine  of  persons  suffering 
from  disease,  and  indeed  I  once  found  it  in  the  urine  of  a  healthy 
vigorous  young  man,  aged  twenty-six  years.  If  there  is  a  consider- 
able amount  of  albumen,  nitric  acid  or  bichloride  of  mercury  will 
cause  a  precipitate,  and  the  urine  will  become  turbid  on  the  applica- 
tion of  heat,  and  deposit  fiocculi  of  coagulated  albumen.  Urine  of 
this  sort  is  usually  pale  and  slightly  turbid  from  containing  mucus  in 
suspension:  its  colours  may,  however,  be  high,  as  in  the  phlogoses; 
it  may  have  an  acid,  neutral,  or  alkaline  reaction,  a  high  or  a  low 
specific  gravity.  When  the  quantity  of  albumen  is  very  small,  the 
application  of  heat  is  the  most  efficient  test,  and  the  most  minute 
quantity  of  albumen  may  be  readily  detected  by  observing  the  upper- 
most part  of  the  column  of  the  fluid  as  it  is  being  gently  heated  in 
a  test-tube.  When  the  temperature  is  sufficiently  elevated,  the  coagu- 
lation begins  to  occur  in  the  form  of  small  white  nebulae,  which  are 
dispersed  by  the  rising  of  large  bubbles,  and  the  general  turbidity  of 
the  whole  fluid  is  often  so  slight  that  unless  the  development  of  these 
nebulae  has  been  observed  at  the  commencement  of  the  process,  it 
becomes  a  matter  of  difficulty  to  decide  upon  the  presence  of  albu- 
men. It  is  only  in  cases  in  which  the  urine  has  a  decidedly  alkaline 
reaction  that  nitric  acid  is  preferable  for  the  detection  of  small  quan- 
tities of  albumen,  as  in  these  instances  the  albumen  is  held  in  solution 
by  the  free  alkali. 

A  turbidity  may  occur  on  the  application  of  heat  from  the  preci- 
pitation of  earthy  phosphates,  or  possibly  of  carbonate  of  lime,  when 
no  albumen  is  present;  but  in  this  case  it  is  directly  removed  on  the 
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addition  of  nitric  acid:  similarly,  nitric  acid  may  throw  down  a 
deposit  of  uric  acid,  which  may  be  mistaken  for  albumen^  but  in  this 
case  no  precipitate  is  caused  by  the  application  of  heat.  Dr.  G,  0. 
Kees  has  observed,  that  after  the  use  of  cubebs  or  balsam  of  copaiva, 
the  urine  is  rendered  turbid  by  nitric  acid,  although  it  contains  no 
albumen;  it  is,  however,  not  affected  by  heat  Hence,  if  there  should 
be  a  tendency  to  the  deposition  of  phosphates,  a  precipitate  might 
ensue  both  on  heating,  and  on  the  addition  of  nitric  acid,  and  yet  no 
albumen  be  present  I  have  confirmed  the  accuracy  of  the  above 
observation;  the  precipitate  consists  of  minute  oiUvesicles  readily 
soluble  in  alcohol,  and  posscssins  an  odour  of  balsam  of  copaiva. 

The  quantitative  analysis  of  albumen  is  best  effected  by  boiling  the 
urine,  collecting  the  albumen  on  a  filter,  washing,  drying,  and 
weighing  it,  and  ascertaining  its  weight  in  relation  to  that  of  the 
urine  which  was  boiled,  and  to  the  solid  residue.  The  portion  of 
urine  from  which  the  albumen  has  been  separated  by  boiling,  may 
also  be  used  for  the  determination  of  the  other  solid  constituents  and 
of  the  urea,  if  the  quantity  of  albumen  is  not  very  large,  and  if  the 
coagulated  albumen  is  carefully  washed.  If  the  proportion  of  albu- 
men is  so  large  as  to  cause  the  urine  to  gelatinize  on  being  heated, 
which,  however,  is  very  seldom  the  case,  it  may  be  feared  that  the 
coagulated  albumen  will  entangle  many  other  substances;  in  that 
case,  the  amount  of  solid  constituents  may  be  determined  from  a 
fresh  quantity  of  urine,  about  500 — 600  grains;  the  coagulated  albu- 
men must  be  treated  several  times  with  hot  water  before  it  is  dried. 
When  the  quantity  of  albumen  is  very  small,  as  for  instance  when 
the  urine  becomes  only  slightly  turbid  on  heating,  its  amount  cannot 
be  determined  with  accuracy.  It  is  then  contained  in  the  water- 
extract,  and  it  is  sufficient  to  state  that  the  urine  contains  traces  of 
albumen.  If  the  amount  of  albumen  is  very  considerable,  certain 
changes  must  be  made  in  the  method  of  determining  the  other  con- 
stituents.    The  albumen  itself  must  be  always  separated  by  boiling. 

In  determining  the  urea  we  must  see  whether,  when  the  albumen 
is  very  abundant,  the  greater  quantity  of  it  cannot  be  precipitated 
by  alcohol.  The  albumen  thus  separated  must  be  washed  with  alco- 
hol. If  we  were  to  attempt  to  determine  the  urea  in  very  albuminous 
urine  in  the  manner  described  in  page  397,  there  would  be  reason  to 
apprehend  that  the  albumen  precipitated  by  the  application  of  heat 
would  entangle  too  large  an  amount  of  urea. 

The  determination  of  the  uric  acid  is  usually  regarded  as  very 
uncertain  in  strongly  albuminous  urine.  I  have,  however,  convinced 
myself  that  this  constituent  may  be  separated  from  very  albuminous 
urine  by  the  careful  addition  of  extremely  diluted  hydrochloric  acid, 

!'or  acetic  acid  may  be  used,  which  precipitates  uric  acid  without  af- 
ecting  the  albumen.]  It  must  also  be  observed  that  urine  which  is 
very  rich  in  albumen  always  contains  only  mere  traces  of  uric  acid, 
and  a  very  small  proportion  of  urea. 

In  the  determination  of  the  water-extract,  it  must  be  borne  in 
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mind  that  albumen  is  present  in  it  As  its  quantity  is  known,  it 
mu9t  be  subtracted  from  the  combustible  portion  of  the  water-ex- 
tract 

The  spirit-extract  is  obtained  from  the  portion  of  urine  precipi- 
tated by  alcohol,  where  it  occurs  in  a  state  of  solution.  This  solu- 
tioQ  must  be  filtered,  evaporated,  and  all  substances  insoluble  in  an- 
hydrous alcohol  precipitated  by  the  addition  of  that  reagent  These 
are  spirit-extract  with  chloride  of  sodium,  and  a  certain  quantity  of 
albumen  which  remains  insoluble  on  the  addition  of  water.  The 
watery  solution  of  the  spirit-extract  and  of  the  salts  must  be  filtered, 
again  evaporated,  weighed,  and  then  treated  in  the  manner  described 
in  page  398. 

if  we  wish  to  avail  ourselves  of  the  alcoholic  solution  which  re- 
mains after  the  precipitation  of  the  spirit-extract  by  anhydrous  alco- 
hol, for  the  estimation  of  urea,  we  must  take  another  portion  of  urine 
for  the  determination  of  the  alcohol-extract  and  ammonia-compounds, 
and  proceed  in  the  same  manner  as  for  the  determination  of  the 
urea. 

In  the  determination  of  the  fixed  salts  it  must  be  remembered 
that  the  earthy  phosphates  are  increased  by  the  phosphate  of  lime 
associated  with  the  albumen,  and  as  this  generally  amounts  to  6  or  7 
per  cent,  a  corresponding  amount  must  be  deducted  from  the  earthy 
phosphates.  In  other  respects  the  method  described  in  page  399 
must  be  adopted. 

[The  following  method  for  determining  the  amount  of  albumen 
has  been  recently  proposed  by  Heller,^  and  offers  several  advantages. 

A  small  quantity  of  the  urine  (from  20  to  10  grains)  must  be 
carefully  weighed,  and  its  solid  residue  accurately  determined.  In 
this  way  we  estimate  the  per  centagc  of  solid  residue.  Another 
portion  must  be  rapidly  heated  to  incipient  ebullition  in  a  small 
narrow-mouthed  flask.  The  mouth  must  be  then  closed,  in  order  to 
prevent  the  escape  of  vapour,  and  the  liquid  when  cold  strained 
tlirough  a  moderately  fine  linen  cloth.  The  strained  fluid  is  thus 
obtained  perfectly  clear,  the  albumen  remaining  on  the  linen  as  a 
snow-white  magma.  By  treating  a  small  quantity  with  nitric  acid, 
we  may  be  certain  that  the  albumen  is  completely  separated.  The 
amount  of  the  solid  residue  yielded  by  the  strained  fluid  is  deter- 
mined, and  the  per  centage  calculated.  The  diflerence  gives  the  per 
centage  of  albumen.  If  extreme  accuracy  is  required,  the  flask  with 
its  contents  may  be  weighed  both  before  and  after  ebullition,  and  a 
correction  made  for  the  escaped  vapour.  In  case  the  fluid  should  be 
alkaline^  it  must  be  previously  acidulated  with  acetic  acid.] 

2.  Constituents  of  the  blood  with  the  exception  of  fibrin. 

Bloody  urine  is  not  of  very  unfrequent  occurrence;  it  is  distin- 
guished by  a  more  or  less  marked  blood-red  colour,  sometimes  being 
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the  O'Ue.  the  rnicrosro^ie  asoris  iis  no  assistance.  The  appliealkm 
of  heat,  and  the  a  i'i>ion  of  citric  acii  w;:!.  howeTer,  be  9uf5eient  to 
conrifice  us  directly  of  the  preser.ce  of  albuoien  and  haenuto-glo- 
bulin. 

The  qrjantitaiive  determination  of  blood  in  orine.  and  the  chances 
whi^h  m'J«t  be  imde.  in  consequence  of  the  presence  of  a  conside- 
rable q'jantity  of  that  fl  jid,  in  the  deiermi nation  of  the  normal  con- 
st ifjents  are  precisely  sim.lar  to  those  already  described  in  speaking 
of  alb'imirious  urine.  It  must  be  observed  that  the  ash  becomes 
rcdderieJ  by  the  peroxide  of  iron  which  occurs  in  the  haematin;  and 
the  fixed  alkaline  saj is.  as  weil  as  the  earthy  phosphates,  are  increased 
by  the  fixed  sails  of  the  blood,  which  usually  amount  to  about  S  per 
cenL 

3.   The  con^tilutnit  tfthe  blood  generally. 

Fibrin  has  been  fovind  asscciited  with  the  other  constituents  of 
the  blood  which  wc  have  described  as  occasionally  occuring  in  the 
urine  J  Urine  of  this  soit  resembles  blood  in  appearance:  assumes, 
on  being  allowed  to  rest,  a  gelatinous  consistence;  trembles  on  the 
movement  of  the  vessel;  and,  finally,  separates  into  two  portions,  a 
clot,  and  thin  fluid  serum. 

On  examining,  under  the  microscope,  a  little  of  the  fluid  obtained 
by  pressing  a  portion  of  the  clot,  blood-corpuscles  are  observed:  and 
ujKin  kneading  the  clot  in  water  we  obtain  fibrin,  which  may  be 
waslied  perfectly  pure.  Under  these  circumstances  there  is  no  dif- 
ficulty in  asccrtiining  the  presence  of  blood.  If  the  blood  has  coagu- 
lated in  the  bladder,  the  urine  will  be  of  a  blood  or  brown-red  colour, 

'  [Fibrin  huM  ijtv^n  di'toctnl  orcumng  in  a  state  of  solution  in  urine,  imlppendentljr  of  the 

(HImt  riiriHtitijcribi  of  tlie  UmnL    Ziuuiirniian  lifsmbes  seven  cases  of  this  nature,  ame  of 

'Wi  an-  ri(4ififMl  at  km^th  in  a  fiiturr;  inrt  of  Uii»  chapter.    (Zur  AnalvAS  udJ 

pKuikjiiiMrtaNcfacn  Pracesse.    Bodin,  1844,p.  121».)] 


URINE.  437 

or  even  of  a  brownish-blacky  and  will  contain  gelatinous  flocculent 
coagula  of  fibrin,  which,  after  remaining  for  some  time  in  the  urine 
may  acquire  a  degree  of  transparency  by  the  solution  of  their  colour- 
ing matter. 

It  is  only  necessary,  in  these  cases,  to  make  sure  (hat  the  coagula 
are  not  composed  of  mucus,  a  point  which  can  be  readily  settled  by 
the  microscope,  under  which  coagula  of  fibrin,  upon  compression 
between  thin  glass  plates,  present  an  amorphous  granular  appearance, 
while  in  the  mucus-flocculi  we  recognise  the  well-known  mucus- 
granules. 

The  quantitative  determination  of  the  constituents  of  the  blood 
must  be  conducted  in  the  manner  described  in  2.  A  method  per-  , 
fectly  similar  to  the  one  which  I  have  given  for  the  analysis  of  blood 
may,  however,  be  adopted,  and  in  order  to  determine  the  urea  in  a 
certain  quantity  of  bloody  urine,  the  protein-compounds  must  be 
precipitated  with  alcohol,  in  the  same  manner  as  in  albuminous  urine. 

4.  Urine  may  contain  fat  either  as  an  independent  extraneous 
constituent,  or  associated  with  albumen,  or  with  casein  and  the  other 
constituents  of  milk.  To  distinguish  these  three  morbid  forms  of 
urine  we  may  term  them,  for  brevity,  fatty  urine,  chylous  urine 
(Prout,)  and  milky  urine.  In  addition  to  these  forms,  urine  con- 
taining blood  always  contains,  of  course,  a  relatively  corresponding 
quantity  of  fat. 

Fatty  urine.  We  occasionally  observe  that  the  urine  of  persons 
labouring  under  consumptive  disorders  becomes  covered  over  with  a 
glistening  film.  It  would  be  precipitate  to  consider  this,  without 
further  investigation,  as  a  fatty  coat,  since  I  have  observed  a  similar 
appearance  on  the  surface  of  urine  which  had  been  standing  for  some 
time,  and  was  just  becoming  ammoniacal.  The  microscope  will  im- 
mediately disclose  the  nature  of  the  film:  if  it  is  composed  of  fat,  we 
observe,  on  the  microscopic  examination  of  a  small  portion,  an  im- 
mense number  of  fat-globules;  in  the  other  case,  we  observe  an 
amorphous  granular  matter.  Cases  have  however  occurred  in  which 
the  urine  has  contained  so  large  a  quantity  of  fat  that  the  oil-vesicles 
could  be  observed  even  with  the  naked  eye,  and  formed  a  perfect 
stratum  on  the  surface ; — such  cases  have  been  recorded  by  Elliotson 
and  Bachetoni.^ 

The  microscope  is  always  sufficient  for  the  recognition  of  fat  in 
urine.  If  a  quantitative  determination  of  the  fat  is  required,  a 
weighed  portion  of  urine  must  be  evaporated  and  the  residue  repeat- 
edly extracted  with  ether.  The  ether  must  then  be  evaporated,  and 
the  fat  separated  from  the  urea,  and  other  constituents  which  may 
have  been  also  taken  up  by  means  of  water.  This  separation  should 
be  effected  in  a  small  porcelain  basin,  in  which  the  fat  must  be  heated 
till  all  aqueous  moisture  is  dissipated,  and  then  weighed.  If  the 
amount  of  solid  residue  is  known  either  by  this,  or  a  separate  expe- 

>  Urinaiy  Diseases  and  their  Treatment    By  Robert  WiHisy  x.d.  pw  1G6. 


438  THE  sscBmoarii 

riment.  the  proportion  of  Cit  to  the  uriDe,  and  to  the  solid  residue, 
can  be  at  once  obtained.  Tlie  residue,  after  the  separation  of  the  iat, 
will  serve  for  the  determination  of  other  constituents,  as  urea  or  ex- 
tractive matters;  it  must  however  be  remembered  that  the  water  in 
which  the  fat  was  washed,  contains  some  little  urea. 

ChyiouJi  urine.  Chylous  urine  contains  both  fat  and  albumen;  it 
is  usually  turbid,  curdy,  sometimes  even  resembling  milk  in  point 
of  colour.  Under  the  microscope  it  exhibits  numerous  fat-resides. 
On  the  addition  of  a  small  quantity  of  acetic,  or  dilute  sulphuric  or 
hydrochloric  acid,  no  coagulation  occurs,  even  when  gentle  beat  is 
applied;  but  on  the  addition  of  nitric  acid  a  white  precipitate  is  ob- 
served. Upon  the  application  of  heat  to  chylous  urine,  the  albumen 
coagulates  in  flocculi.  The  methods  of  determining  the  amount  of 
albumen  and  fat  have  been  already  given. 

5.  Casein, 

Casein  has  never  yet,  so  far  as  I  know,  been  observed  as  a  single 
extraneous  constituent  of  the  urine,  as  albumen  sometimes  seems  to 
occur,  but  has  always  been  found  in  combination  with  fat,  and,  in  all 
probability,  also  with  sugar,  forming  milky  urine. 

JMilky  urine  is  always  turbid,  of  a  ycIIowIsh-white  colour,  some- 
times like  milk,  and  when  examined  under  the  microscope,  exhibits 
a  quantity  of  fat-vesicles.  Upon  the  application  of  heat  to  urine  of 
this  nature,  coagulation  will  take  place  if  a  considerable  amount  of 
lactic  acid  is  present,  and  then  only  a  moderate  temperature  (86^  to 
104'^  F.)  is  sufTicient  If  it  does  not  coagulate  at  this  temperature, 
neither  will  it  do  so  at  the  boiling  point,  as  I  have  proved  in  an 
experimental  mixture  of  milk  with  urine.  If,  however,  albumen 
should  also  be  present  the  urine  will  coagulate  on  being  boiled.  On 
the  addition  of  a  few  drops  of  acetic,  or  dilute  sulphuric  or  hydro- 
chloric acid  to  a  little  of  this  urine,  flocculi  of  coagulated  casein  will 
be  formed  if  a  moderate  heat  is  applied.  In  order  to  determine  the 
quantity  of  casein  wc  must  add  a  little  acetic  acid  to  a  weiehed 
portion  of  moderately  warmed  urine,  and  allow  it  to  digest  till  the 
white  flocculi  of  acetate  of  casein  have  separated  themselves,  and  the 
urinary  fluid  has  become  clear. 

The  flocculi  must  be  collected,  washed,  dried,  and  weighed. 
This  is  most  readily  eflected  on  a  light  filter  of  known  weight,  which 
must  be  deducted,  in  order  to  give  the  true  weight  of  the  casein. 
The  fat  becomes  entangled  in  the  precipitated  acetate  of  casein,  and 
the  filtered  fluid  exhibits  only  a  few  scattered  fat-vesicles  swimming 
in  it  The  fat  may  be  separated,  and  its  amount  determined,  either 
from  the  dried  residue  of  the  urine,  or  from  the  dried  casein,  by 
extraction  with  ether.  The  casein  must  be  determined  from  a  sepa- 
rate portion  of  urine ;  after  this  constituent  has  been  separated  the 
urine  may  be  evaporated,  and  the  urea  and  water-extract  determined 
Vom  the  residue. 
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6.  Brown  pigment  of  the  bile.     (Biliphcein.) 

It  is  no  uncommon  occurrence  to  find  the  urine  tinged  with  this 
substance;  in  icterus  it  is  always  present.  Urine  of  this  sort  is  of  a 
saffron,  dark  yellow,  or  yellowish-brown  colour,  and  its  sediment,  if 
it  contains  one,  is  usually  of  a  yellow  or  brown  colour  also.  We 
cannot,  however,  always  decide  upon  the  presence  of  biliphaein  from 
the  colour  of  the  urine,  since  hscmaphsein,  (the  peculiar  colouring 
matter  of  the  urine)  is  capable  of  producing  a  similar  tint  It  is  a 
peculiarity  of  urine  coloured  dark  by  bilipha^in,  that  it  exhibits  in 
thin  layers  a  characteristic  saffron  yellow  colour.  The  presence  of 
biliphaein  may  be  at  once  detected  with  certainty  by  the  addition  of 
nitric  acid,  by  which  the  well  known  transitions  in  colour,  from 
green  to  violet,  red,  and  yellow  are  produced.  It  is  only  when 
there  is  a  considerable  quantity  of  biliphaein  present  that  these 
transitions  can  be  distinctly  observed,  and  the  best  method  of 
proceeding  is  to  pour  a  layer  of  urine  carefully  over  nitric  aci3,  and 
to  continue  the  mixture  of  the  two  fluids  gradually. 

When  the  quantity  of  biliphsein  is  very  small,  the  only  changes 
that  we  are  certain  to  observe  on  the  addition  of  the  nitric  acid,  are 
the  transition  of  the  yellow  colour  of  the  urine  into  green,  which 
usually  reverts  to  a  yellow,  without  the  intermediate  colours  being 
observed.  Hydrochloric  acid  converts  the  yellow  or  brown  colour 
of  the  urine  into  green,  but  does  not  develop  the  other  tints. 

An  exact  quantitative  determination  of  the  biliphaein  in  urine 
appears,  with  our  present  resources,  hardly  practicable,  for  its  amount 
is  usually  very  minute,  and,  like  the  animal  colouring  matters 
generally,  it  possesses  the  property  of  combining  very  intimately 
with  other  constituents.  Thus  we  find  uric  acid,  when  it  occurs 
as  a  sediment  in  icteric  urine,  mucus,  the  extractive  matters,  &c. 
always  tinged  yellow  by  biliphaein.  We  must  therefore  be  content, 
in  our  estimation  of  the  amount  of  the  biliphcein,  to  draw  our 
inferences  from  the  intensity  of  the  colour  of  the  urine,  and  from  tlie 
degree  of  change  that  it  undergoes  on  the  addition  of  nitric  acid. 

7.  Bllin  and  bilifelUnic  acid. 

The  quantity  of  bile  in  urine  is  occasionally  so  large  as  to  com- 
municate to  that  fluid  a  decidedly  bitter  taste:  in  these  cases  biliphaein 
is  always  present.  Whenever  biliphaein  occurs  in  urine,  we  are 
justified  in  suspecting  the  presence  of  bilin  and  bilifeliinic  acid, 
although  they  are  not  always  found. 

When  the  taste  of  the  urine  does  not  decidedly  indicate  the 
presence  of  bilin  and  of  the  acids  of  the  bile,  we  must,  in  order  to  be 
assured  of  their  existence,  evaporate  the  urine,  extract  the  residue 
with  anhydrous  alcohol,  and  then  expel  the  alcohol  by  evapo- 
ration; the  residue  will  contain  bilin  and  bilifeliinic  acid,  in  addition 
to  urea,  alcoholic-extract,  and  the  lactates;  their  presence  may  be 
recognised  by  the  taste. 
38 
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[The  best  method  of  ascertaining  the  presence  of  bilin  (or  choleic 
acid)  is  one  recently  published  by  Pettinkofer.^  A  small  quantity 
of  the  urine  or  other  fluid,  supposed  to  contain  bile,  must  be  poured 
into  the  test-tube  and  treated  with  about  two  thirds  of  its  volume  of 
sulphuric  acid,  added  by  drops.  Considerable  heat  is  evolved,  and 
the  mixture  must  be  kept  below  144°,  otherwise  the  bilin  will  be 
decomposed.  A  few  drops  of  a  solution  of  cane-sugar  (five  parts  of 
water  to  one  of  sugar)  are  added,  and  the  mixture  shaken.  If  bilin 
be  present,  a  violet  red  colour  will  appear,  the  distinctness  of  which 
will  vary  with  the  amount  of  bilin.  The  following  precautions  must 
be  attended  to: — 1st,  the  temperature  must  not  exceed  144°,  other- 
wise the  colour,  although  formed,  will  be  again  destroyed:  2dly,  the 
quantity  of  sugar  must  not  be  too  large,  lest  sulphurous  acid  should 
be  formed,  and  the  solution  become  of  a  dark  brown  colour:  3dly, 
the  sulphuric  acid  must  be  free  from  sulphurous  acid:  4thly,  if  albu- 
men be  present,  it  is  advisable  to  coagulate  and  remove  it  before 
applying  the  test,  since  it  gives  origin  (when  present  in  a  large 
quantity)  to  a  tint  somewhat  resembling  that  produced  by  bilin: 
5thly,  a  great  excess  of  chlorides  produces  a  brownish-red  colour. 

In  liquids  where  the  bile  is  in  very  small  quantity,  as  in  the  urine 
and  other  secretions,  it  is  often  necessary  to  make  a  spirituous  extract, 
to  evaporate  this  nearly  to  dryness  on  the  water-bath,  and  to  transfer 
the  moist  residue  into  a  watchglass.  When  quite  cold,  sulphuric 
acid  and  a  very  small  quantity  of  syrup  are  added,  so  that  the  tem- 
perature of  the  solution  remains  low.  In  the  course  of  a  few 
minutes,  if  the  most  minute  trace  of  bile  is  present,  the  colour  is 
produced.  In  employing  this  test,  grape-sugar,  or  any  substance 
convertible  into  gra|)e-sugar,  may  be  substituted  for  cane-sugar. 

The  nature  of  this  reaction  is  unknown;  it  was  at  first  considered 
that  the  peculiar  violet  tint  might  be  dependent  on  the  decomposition 
of  the  bile-pigment,  but  it  was  found  to  occur  even  in  a  more  marked 
degree,  with  decolorized  bile,  and  with  pure  bilin. 

Another  test  has  been  recently  proposed  by  Schwertfeger.  He 
recommends  that  the  urine  should  be  treated  with  basic  acetate  of 
lead.  When  bile  is  present,  the  precipitate  is  yellow.  On  treating 
this  precipitate  with  alcohol  containing  some  sulphuric  acid,  we 
obtain  a  green  solution,  to  which  (as  has  been  suggested  by  Dr. 
GriflSth)  Pettinkofer's  test  may  be  applied  with  advantage.] 

For  the  purpose  of  forming  a  quantitative  analysis  of  the  bilin  in 
the  urine,  we  must  evaporate  a  weighed  portion,  precipitate  the  water- 
extract  and  the  salts  insoluble  in  alcohol  with  spirit  of  0*85,  evaporate 
the  spirituous  solution,  and  extract  the  residue  with  anhydrous  alcohol. 
The  alcohol  of  this  last  solution  is  expelled,  the  residue  dissolved  in 
a  little  water,  and  some  hydrochloric  acid  added;  it  is  then  allowed 
to  digest  till  the  resinous  matter  of  the  bile  has  separated  itaelf,  which 
must  be  washed,  dried,  and  weighed.     The  presence  of  bile  offers  no 

1  Liebig's  und  Wdhler*f  AnDalen,  vol  S2,  ptrt  1. 
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impediment  to  the  determination  of  the  urea^  for  which  purpose, 
however,  a  different  portion  must  be  used. 

When  icteric  urine  contains  a  sediment,  it  is  usually  of  a  yellow 
or  brown  colour,  and  in  addition  to  the  ordinary  constituents  of 
urinary  deposits,  it  contains  biliphsein.  The  sediment,  in  these  cases, 
must  be  separated,  and  extracted  with  alcohol.  This  alcoholic 
solution  must  be  united  with  the  spirituous  solution  of  the  residue  of  the 
urine,  from  which  the  bilin  was  determined.  The  sediment  must  be 
analyzed  according  to  the  rules  already,  laid  down  for  the  separation 
of  uric  acid,  the  urates,  and  earthy  phosphates. 

8.  Sugar. 

In  diabetes  mellitus  the  urine  frequently  contains  a  large  quantity 
of  grape  or  diabetic  sugar,  while  the  urea  is  at  the  same  time  either 
absolutely  or  relatively  diminished.  When  the  quantity  of  sugar  ig 
considerable,  its  presence  can  be  detected  without  difficulty.  The 
urine  must  be  evaporated,  and  the  syrupy  residue  treated  with  alco- 
hol of  0*83.  The  alcoholic  solution  must  then  be  evaporated  till  a 
yellow  and  very  sweet  syrup  is  left.  Trommer,  of  Berlin,  has  dis- 
covered that  the  smallest  quantity  of  grape-sugar  may  be  detected  in 
a  fluid  by  the  addition  of  a  solution  of  sulphate  of  copper  and  of  caus- 
tic potash.^  On  heating  the  mixture  we  do  not  obtain  a  black  pre- 
Gtpiiate  of  oxide  of  copper,  but  the  fluid  becomes  turbid,  and  a  mora 
or  less  considerable  yellow,  or  yellowish-brown  precipitate  of  re- 
duced suboxide  of  copper  is  thrown  down.  According  to  the  state- 
ments of  Trommer,  this  method  is  particularly  applicable  to  the  de- 
tection of  very  minute  quantities  of  diabetic  sugar  in  urine;  but  since 
the  ammonia-salts,  the  urea,  and  nitrogenous  extractive  matters,  when 
heated  with  caustic  potash,  develop  free  ammonia,  which  impedes 
the  action  of  the  test,  it  is  better  to  proceed  in  the  following  manner. 
The  urine  must  be  evaporated  and  the  syrupy  residue  treated  with 
anhydrous  alcohol.  Dry  carbonate  of  potash  must  be  added  to  this 
solution,  and  the  mixture  well  shaken.  The  carbonate  of  potash  dis- 
solves and  forms  a  layer  beneath  the  alcohol.  Upon  the  addition  of 
some  dissolved  sulphate  of  copper,  and  the  application  of  heat,  there 
is  produced  in  the  lower  portion  of  the  fluid,  a  yellow  or  yellowish- 
brown  turbidity,  if  sugar  is  present.  Trommer  states  that  this  method 
is  equally  applicable  for  the  detection  of  sugar  in  the  blood. 

The  quantitative  determination  of  sugar  in  urine  is  not  very 
easy:  I  proceed  in  the  following  manner.  A  weighed  quantity  of 
urine  is  evaporated  on  the  water-bath  to  the  consistence  of  a  thin 
syrup,  and  the  residue  treated  with  alcohol  of  0-85,  which  precipi- 
tates the  mucus,  the  salts  insoluble  in  spirit,  the  water-extract,  uric 
acid,  &c.  The  spirituous  solution  is  then  evaporated  to  the  consist- 
ence of  a  thick  syrup,  and  anhydrous  alcohol  added,  which  precipi- 
tates the  greater  part  of  the  sugar  in  the  form  of  a  yellowish-white 

>  See  pw  65w    Additional  obsen-atioos  on  the  applicaUon  of  this  test  will  be  Ibimd  in  the 
lenMiks  OD  the  urine  in  diab:2tes. 
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magma.  On  pouring  off  the  supernatant  yellow  alcohol,  and  repeat- 
edly treating  the  magma  with  anhydrous  alcohol,  it  gradually  assumes 
a  tough  pasty  form:  it  must  then  be  warmed  for  some  time  on  the 
water-bath,  until  all  the  alcohol  is  expelled,  and  be  subsequently 
placed  under  a  receiver  over  sulphuric  acid,  to  dry.  Ether  is  then 
added  to  the  alcohol,  in  about  the  proportion  of  one  volume  of  the 
former  to  two  of  the  latter,  by  which  an  additional  quantity  of  sugar 
is  precipitated,  whose  weight  must  be  determined  separately.  The 
substances  now  remaining  in  solution  in  the  etherealized  alcohol  are 
urea  and  alcohol-extract  The  fluid  must  be  evaporated  or  distilled, 
and  the  m-ea  determined  from  the  residue  by  nitric  acid.  The  sugar 
separated  in  this  manner  is  not  perfectly  pure;  it  still  contains  chlo- 
ride of  sodium,  extractive  matters,  and,  in  most  cases,  a  small  quantity 
of  urea. 

From  the  portion  precipitated  from  the  urine  (after  it  has  been  re- 
duced to  a  thin  syrup)  by  alchol  of  0-85,  and  which  consists  of  water- 
extract,  earthy  phosphates,  uric  acid,  and  mucus,  the  water-extract 
may  be  taken  up  by  water,  and  determined  after  evaporation.  The 
earthy  phosphates  may  be  taken  up  by  water  sliglitly  acidulated  with 
hydrochloric  acid,  from  which  they  may  be  precipitated  by  ammonia: 
uric  acid  and  a  little  mucus  remain.  The  uric  acid  should  be  deter- 
mined from  a  separate  quantity  of  urine,  according  to  the  method 
described  In  page  397,  for  by  tli is  process  wts  frequently  obtain  mere 
traces  of  it,  and  sometimes  no  indication  whatever  of  its  presence. 
The  determination  of  the  fixed  salts  in  diabetic  urine  is  of  importance. 
Hunefcld  has  observed  that  diabetic  urine  frequently  contains  more 
chloride  of  sodium  than  the  healthy  fluid,  a  circumstance  probably 
arising  from  the  diet  which  is  most  commonly  observed  during  the 
disease  in  question.  In  order  to  determine  the  fixed  salts,  a  portion 
of  urine  must  be  evaporated,  and  the  residue  incinerated.  The  per- 
fect incineration  of  the  residue  is  a  matter  of  some  difficulty:  it  may 
be  facilitated  by  moistening  the  carbonaceous  residue  with  nitric  acid, 
and  then  submitting  it  to  red  heat;  or  nitric  acid  may  be  added  to 
the  syrup  at  once,  m  which  case  a  very  large  amount  of  carbon  is 
burnt  off  immediately  upon  the  residue  being  submitted  to  a  red  heat 
The  salts  must  be  determined  by  the  method  described  in  page  399. 

The  exact  determination  of  the  solid  residue  of  diabetic  urine 
presents  certain  difficulties.  A  very  small  quantity  of  urine  (from 
about  150  to  230  grains)  should  be  evaporated  in  the  water-bath,  and 
the  residue  spread  over  the  evaporating  basin,  which  should  then  be 
placed  under  a  receiver  over  sulphuric  acid,  for  the  perfect  removal 
of  the  water.  The  quantities  of  sugar,  urea,  uric  acid,  &c.  must  be 
brought  into  relation  with  the  amount  of  solid  residue  as  well  as  with 
the  whole  quantity  of  urine. 

Diabetic  urine  may  also  contain  a  tasteless  species  of  sugar,  which, 
according  to  Bouchardat,^  corresponds  exactly  in  its  behaviour  to- 

'  [Bouchordat  now  regards  tbis  tasteleae  sugar  as  a  compound  of  die  ordmaiy  diabetic  fugar 
with  falts.] 
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wards  yeast,  and  in  its  solubility  in  spirit,  with  sweet  sugar,  and  may 
be  separated  in  the  same  manner. 

I  have  had  one  opportunity  of  examining  diabetic  urine,  contain- 
ing a  slightly  sweet  sugar  which  was  soluble  in  spirit,  and  also  a  con- 
siderable amount  of  insipid  matter  which  was  precipitated  by  alcohol, 
and  appeared  to  resemble  gum  mixed  with  water-extract  and  mucus. 
I  could  not  separate  it  from  the  water-extract,  which  is  usually  very 
scanty  in  diabetic  urine. 

9.  Carbonate  qf  ammonia. 

In  some  diseases,  especially  in  affections  of  the  brain  and  nervous 
system,  and  of  the  bladder  and  kidneys,  the  urine  possesses  the  pro- 
perty of  becoming  quickly  alkaline;  indeed  I  have  observed  instances 
m  which  it  was  alkaline  at  the  period  of  its  being  passed.  In  these 
cases  it  has  a  very  disagreeable,  ammoniacal  odour,  and  changes  red 
litmus  paper  to  a  bright  blue.  In  colour  it  may  be  either  light  or 
very  dark;  it  ordinarily  forms,  in  the  course  of  a  short  time,  a  sedi- 
ment of  a  grayish-white,  and  occasionally  of  a  yellow  or  red  colour, 
consisting  of  earthy  phosphates.  A  certain  test  for  the  presence  of 
carbonate  of  ammonia  is  afforded  by  holding  a  glass  rod  moistened 
in  non-fuming  hydrochloric  acid  over  the  urine;  its  existence  is  in- 
dicated by  the  formation  of  dense  white  vapours.  On  the  addition 
of  nitric  acid  to  the  filtered  urine,  numerous  bubbles  of  carbonic  acid 
gas  are  briskly  developed.  After  a  little  practice  the  odour  will  be 
a  sufficient  indication  of  a  very  minute  quantity  of  carbonate  of  am- 
monia. The  quantitative  analysis  of  this  substance  is  seldom  under- 
taken, but  without  doubt  it  is  of  importance,  especially  for  the  pur- 
pose of  ascertaining  whether  an  increase  in  the  quantity  of  carbonate 
of  ammonia  necessarily  involves  a  decrease  in  the  amount  of  urea. 

I  have  satisfied  myself  that  in  diseases  of  the  spinal  cord,  when 
the  urine  often  contains  much  carbonate  of  ammonia,  it  is  formed  at 
the  expense  of  the  urea.  In  four  experiments,  instituted  with  this 
object,  I  found  scarcely  a  trace  of  urea  in  the  urine. 

An  approximation  to  the  amount  of  carbonate  of  ammonia  may  be 
made  in  the  following  manner.  Dilute  hydrochloric  acid  of  known 
strength  must  be  added  gutiatim  to  a  weighed  quantity  of  gently 
warmed  urine,  till,  from  being  alkaline,  the  fluid  becomes  slightly 
acid.  This  point  being  attained,  the  warmth  is  continued  for  some 
time  in  order  to  make  sure  that  the  acid  reaction  is  not  due  to  the 
carbonic  acid  that  has  been  liberated.  The  amount  of  carbonate  of 
ammonia  is  then  estimated  from  the  quantity  of  hydrochloric  acid 
which  has  been  used. 

10.  Oxalate  of  lime. 

Oxalate  of  lime  not  unfrequently  gives  rise  to  urinary  calculi.  A 
compound  resisting  a  solvent  power  of  the  moderate  acidity  of  the 
urine  cannot,  of  course,  occur  in  it  in  a  state  of  solution :  it  has^  how- 

38* 
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ever,  been  detected  several  times  in  urinary  sediments,  for  which 
reason  I  refer  to  it  here.  Prout  and  H.  Brett^  have  observed  these 
sediments.  The  latter  writer  states  that  the  urine  was  very  high- 
coloured,  and  that  the  sediment  was  of  a  brownish  tint.  He  ascer- 
tained its  nature  by  its  ready  solubility  in  dilute  nitric  acid  without 
any  indication  being  afforded  of  the  presence  of  uric  acid,  by  its  be- 
coming white  on  incineration,  by  the  ash  then  dbsolving  in  hydro- 
chloric acid  with  considerable  efferveiifencc,  and  by  oxalate  of  ammo- 
nia producing  an  immediate  precipitate,  while  no  marked  effects  fol- 
lowed the  addition  of  ammonia  in  excess:  by  these  characters  the  ox- 
alate of  lime  was  thoroughly  and  Satisfactorily  made  out.  I  once 
found  oxalate  of  lime  in  the  urine  of  a  man  with  induration  of  the 
pancreas  and  suffering  from 'great  acidity  of  the  stomach.  The  urine 
was  neutral,  or  all  but  alkaline,  and  contained  the  minute  prismatic 
crystals  represented  in  fig.  36  d.  They  were  insoluble  in  acetic,  but 
dissolved  in  hydrochloric  acid;' and  a  further  investigation  left  no 
doubt  of  their  real  nature.  After  some  days  the  urine  became  re- 
markably acid,  and  deposited  a  sediment  devoid  of  oxalate,  but  con- 
taining carbonate  of  lime. 

P  have  already  mentioned  that  oxalate  of  lime  is  a  much  more 
common  ingredient  of  urinary  scdimcpts  than  was  formerly  sup- 

Eosed.  (See  p.  79.)  In  order  to  detect  it,  place  urine,  passed  a  few 
oiirs  after  a  full  meaV  in  a  large  test-tube,  and  allow  it  to  stand  for 
some  hours.  Decant  the  upper  6-7 ths,  pour  a  portion  of  the  remain- 
der ipto  a  watch-glass,  and  gently  warm  it  over  a  lamp;  in  a  few 
seconds  the  heat  will  have  dissolved  any  urate  of  ammonia  that  may 
be  present,  and  will  (by  rendering  the  fluid  specifically  lighter)  in- 
duce the  deposition  of  crystals  of  oxalate  of  lime.  Having  allowed 
the  urine  to  repose  for  a  minute  or  two,  remove  the  greater  portion 
of  the  fluid  with  a  pipette,  and  replace  it  by  distilled  water.  A  white 
powder,  often  of  a  glistening  appearance,  will  now  become  visible, 
and  this,  under  a  microscope  furnished  with  a  half-inch  object-glass, 
will  be  found  to  consist  of  crystals  of  oxalate  of  lime  in  beautiuilly- 
formed  transparent  octohedra,  with  sharply-defined  edges  and  angles. 
(Fig.  36  a.)  This  process  is  the  most  satisfactory,  and,  after  a  little  ex- 
perience, can  be  performed  in  a  few  minutes.  But  even  this  may  be 
avoided  by  placing  a  drop  of  the  lowermost  stratum  of  the  urine  on 
a  plate  of  glass,  placing  over  it  a  fragment  of  thin  glass  or  mica,  and 
then  submitting /t  to  the  microscope;  the  crystals  diffused  through 
the  fluid  becoming  very  beautifully  distinct.  In  this  way,  however, 
it  is  obvious  that  very  much  fewer  are  submitted  to  examination  than 
by  the  former  process.  This  salt  never  (or  scarcely  ever)  subsides 
to  form  a  distinct  deposit;  remaining  for  days  diffused  through  the 
fluid,  even  when  present  in  so  large  a  quantity  that  each  drop  of  the 
urinB,  when  placed  under  the  microscope,  is  found  loaded  with  the 
crystals.  A  large  quantity  of  the  oxalate,  when  present,  may  escape 
the  eye,  in  consequence  of  its  refractive  power  approaching  that  of 
'  Urinaiy  Diseases  and  Aeir  Treatment.    By  Robert  Wiflis,  m.d.  p.  1 18. 
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the  urine;  for  whenever  we  meet  with  a  specimen  in  which  the  salt 
has  partially  subsided,  and  replace  the  decanted  urine  by  distilled 
water,  the  crystals  often  become  readily  perceptible  to  the  unaided 
eye,  resembling  so  many  glistening  points  in  the  fluid. 

The  crystals  of  the  oxalate,  when  collected  in  a  watch-glass  in  the 
manner  above  directed,  are  unaltered  by  boiling  either  in  acetic  acid 
or  solution  of  potash.  In  nitric  acid  they  readily  dissolve  without 
efiervescing,  and  the  act  of  solution  can  be  observed  with  the  micro- 
scope, ^^en  the  oxalate  is  allowed  to  dry  on  a  plate  of  glass,  and 
then  examined,  each  crystal  resembles  two  concentrib  cubes  with 
their  angles  and  sides  opposed;  the  inner  transparent  and  the  outer 
black,  so  that  each  resembles  a  translucent  cube  set  in  a  black  frame. 
(Fig.  36  b.)  This  is  best  observed  under  a  half-inch  object-glass;  as 
with  a  higher  povger  this  appearance  is  lost. 

In  a  very  few  cases  the  oxalate  is  met  with  in  very  remarkable 
crystals,  shaped  like  dumb-bells,  or  rather  like  two  kidneys  with 
their  concavities  opposed,  and  sometimes  so  closely  approximating 
as  to  appear  circular,  the  surfaces  being  finely  striated.     (Eig.  36  c.) 

The  greatest  possible  variation  in  the  size  of  these  crystals  is  met 
with  not  only  in  different  specimens  of  urine,  but  often  in  the  very 
same  portion.  In  a  single  drop  of  urine,  octohedra  of  oxalate  of  lime 
may  be  frequently  observed  mixed  with  others  four  or  six  times 
their  size.  br.  Golding  Bird  has  given  the  following  measurements 
of  some  of  his  preserved  specimens: 

inch. 

Lcngthof  aside  of  the  largest  octohedra  ...  y^^ 

"  oDalleflt  ditto  ...  jinif 

Long  diameter  of  large  "damb-bcU"  crystals        ...  j^ 

Short  diameter  uT  ditto  .....  y^^ 

Ijong  diameter  of  the  iBnaDest  ** dumb-bells^         ...  ttIO* 

Short  diameter  of  ditto  .....  771^^ 

In  the  urine  of  the  horse  they  are  much  larger,  often  being  1-1 50th 
.of  an  inch  long. 

Many  specimens  of  oxalic  urine  give  a  precipitate  with  salts  of 
lime,  insoluble  in  acetic  acid,  and  consisting  of  oxalate  of  lime.  This 
is  often  dependent  on  the  presence  of  oxalate  of  ammonia,  and  deli- 
cate acicular  crystals  of  this  salt  may  be  occasionally  noticed,  during 
spontaneous  evaporation,  on  the  border  of  the  capsule. 

Lehman n  states  that  he  has  very  frequently  met  with  oxalate  of 
lime  in  healthy  urine,  and  that  it  often  occurs  in  large  quantity  in 
cases  of  tuberculosis,  arthritis,  and  especially  of  osteomalacia  or  soft- 
ening of  the  bones.  He  has  likewise  met  with  it  in  endocarditis  and 
other  acute  diseases.  He  states  that  the  crystals  are  neither  octohe- 
dra nor  cubes,  but  four-sided  double  pyramids,  which  in  their  pro- 
jection under  the  microscope  appear  as  very  minute  cubes,  or  as  some- 
what larger  octohedra.  He  further  believes  that  a  portion  of  the 
oxalate  of  lime  is  held  in  solution  by  lactic  acid,  and  advises  that  if 
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the  urine  be  very  acid,  it  should  be  neutralized,  boiled,  and  allowed 
to  cool  slowly,  before  looking  for  the  crystals. 

For  further  information  on  this  subject  I  must  refer  to  the  excel- 
lent little  work  by  Dr.  Golding  Bird  on  <  Urinary  Deposits,'  from 
which  the  above  observations  are  chiefly  taken.] 

11.  Carbonate  of  lime. 

[Carbonate  of  lime  is  a  rare  ingredient  of  urinary  deposits.  Dr. 
Griffith^  describes  it  as  consisting  <<of  nuclei  which  were  almost 
colourless,  and  studded  with  minute  acicular  crystals  all  over  their 
surfaces.'' 

It  is  occasionally  met  with  in  the  alkaline  urine  common  in  cases 
of  paraplegia  following  injury  to  the  spine.  In  the  majority  of  cases 
it  forms  an  amorphous  deposit  mixed  with  prisms  of  amnioniaco- 
maguesian  phosphate.  More  rarely  it  is  met  with  regularly  crystal- 
lized, in  compound  spherical  crystals,  apparently  built  up  of  an  infi- 
nite number  of  close-packed  needles,  radiating  from  a  common  centre. 
The  outline  of  these  masses  is  irregular,  and  their  periphery  is  often 
apparently  serrated.  (Fig.  30 *r.)  The  carbonate  of  lime  is  nor- 
mally present  in  the  urine  of  many  of  the  gramiuivora,  especially  of 
the  horse.  The  dense  deposit  which  forms  in  the  urine  of  this  ani- 
mal consists  of  a  mixture  of  carbonate  and  oxalate  of  lime.  The  for- 
mer series  form  large  spherical  crystals  like  glass  beads,  which,  when 
immersed  in  balsam,  present  the  radiated  acicular  structure  above 
described.  (Fig.  30*  a  b,)  Very  beautiful  evidence  of  structure  is 
exhibited  in  these  crystals  of  carbonate  of  lime,  when  examined  by 
polarized  light;  a  series  of  coloured  rings  traversed  by  a  black  cross 
being  visible.] 

12.  Cysiin. 

[Cystin,  when  present  in  the  urine,  forms  a  nearly  white  or  pale 
fawn-coloured  pulverulent  deposit,  resembling  the  pale  variety  of 
urate  of  ammonia.'  It  appears  to  be  merely  diffused  through  the 
urine  whilst  in  the  bladder,  as  at  the  moment  of  emission  the  secre- 
tion is  .always  turbid,  and  very  soon  deposits  a  copious  sediment 
On  applying  heat  to  the  urine,  the  deposit  undergoes  no  change, 
which  serves  to  distinguish  it  from  urate  of  ammonia;  its  insolubility 
in  strong  acetic  acid  prevents  it  from  being  mistaken  for  earthy  phos- 
phates. The  best  character  of  cystin  is  its  ready  solubilit}^  in  ammo- 
nia, mere  agitation  of  some  of  the  deposit  with  liquor  ammoniac  being 
sufficient  to  dissolve  it,  and  a  few  drops  of  the  solution  evaporated  on 
a  slip  of  glass  leaving  six-sided  tables  of  cystin.  (See  fig.  32  a.)  A 
certain  portion  of  cystin  exists  in  a  state  of  solution  in  the  urine,  as 

>  Med.  Gaz.,  Maidi,  1844. 

^  It  is,  however,  always  crystallized,  a  fcw  regular  six-sided  lamins  being  often  flBen,  bat 
the  great  mass  consisting  of  numerous  supeqposod  plates,  so  that  the  compound  oystab  thus 
'~'^^d|^od  appear  multangular,  as  if  sharplY  cienate  at  the  margin,  (fig.  32  b,)    They  thus  re- 

Me  little  white  rosettes,  when  viewed  by  reflected  light 
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the  addition  of  acetic  acid  always  precipitates  a  small  quantity.  Urine 
containing  cystin  usually  develops  a  peculiar  odour  resembling  that 
of  the  sweet-brier^  and  often  exhibits  a  peculiar  greenish  tint.  (See 
Urinary  Deposits,  p.  379.)] 

13.  Pus. 

Pus  is  not  easily  detected  in  the  urine,  especially  when  a  small 
quantity  is  mixed  with  a  much  larger  amount  of  mucus.  I  must  refer 
to  what  has  been  already  stated  in  page  370  regarding  the  distinc- 
tions between  pus  and  mucus;  it  must  at  the  same  time  be  remem- 
bered that  the  mucus  of  the  bladder  differs  in  its  properties  from  the 
bronchial  mucus,  and  is  less  easily  distinguished  by  the  naked  eye 
from  pus.  Urine  containing  pus  may  have  an  acid,  neutral,  or  (and 
that  not  uncommonly)  an  alkaline  reaction;  at  least  it  exhibits  in 
most  cases  a  strong  tendency  to  the  development  of  ammonia.  The 
colour  and  amount  of  solid  constituents  ai'e  subject,  according  to 
Willis,  to  great  variations.  There  is  only  one  property  of  purulent 
urine  that  can  be  considered  specific,  and  that  is  the  invariable  pre- 
sence of  albumen;  too  much  stress  must  not,  however,  be  laid  upon 
this  point,  since  urine  is  frequently  albuminous  without  containing  a 
single  particle  of  pus,  and  we  may  very  easily  mistake  albuminous 
urine  containing  mncMs  for  purulent  urine.     In  order  to  detect  <he 

Eresence  of  pus  with  the  greatest  degree  of  certainty,  the  urine  should 
e  analyzed  as  soon  as  it  is  discharged ;  it  is  then  turbid,  and  very 
soon  deposits  a  sediment,  which,  on  the  least  motion  of  the  glass, 
mixes  with  the  fluid,  and  is  again  as  quickly  deposited.  It  forms  a 
uniform  substratum  of  a  yellow,  pale  yellow-green,  or  yellowish- 
white  colour,  in  which  the  presence  of  blood  may  also  sometimes  be 
recognised.  On  examining  the  sediment  with  the  microscope,  we 
find  that  it  consists  of  pus-globules  (fig.  17,)  which,  by  inclining  the 
stage  of  the  microscope,  may  be  readily  caused  to  move;  and  if  the  co- 
lour should  lead  us  to  infer  the  presence  of  blood,  the  flattened  blood- 
corpuscles  may  probably  be  observed.  The  pus-globules  usually 
appear  rather  larger  than  the  pus-globules  of  the  lungs,  and  less 
granular;  and  I  have  observed  that  the  nucleus  can  be  more  frequently 
recognised  with  clearness;  the  blood-corpuscles  also  appear  tumid. 
The  filtered  urine  always  contains  albumen,  sometimes  in  such 
quantity  that  flocculi  separate  on  the  application  of  heat  If  the 
urine  is  allowed  to  stand  for  some  time,  and  develops  carbonate  of 
ammonia,  the  pus  becomes  so  viscid  as  to  form  a  tenacious  jelly.  In 
these  cases  small  quantities  of  albumen  might  escape  notice  on  the 
application  of  heat,  being  held  in  solution  by  the  carbonate  of 
ammonia;  to  assure  ourselves  of  the  j)resence  of  albumen  in  these 
cases,  we  should  make  use  of  nitric  acid. 

In  catarrhus  vesicae,  in  which  a  considerable  quantity  of  mucus  is 
frequently  discharged,  and  where  the  urine  is  either  thick  and  viscid 
at  the  time  of  emission,  or  very  soon  becomes  so,  a  small  quantity 
of  pus  may  be  easily  overlooked. 
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URINB  IN  DISEASE. 

On  the  general  relations  of  the  urine  in  disiase. 

Although  I  have,  in  the  preceding  pages,  made  many  remarks  on 
the  general  constitution  of  the  urine  in  disease,  I  believe  it  will  not 
be  unacceptable  to  the  practical  physician  if  I  offer  some  additionil 
observations  on  the  variations  in  the  composition  of  this  secretioDy 
when  it  is  pathologically  changed. 

The  quantity  of  water  in  urine  is  always  fluctuating,  and  may  vary 
to  a  great  extent;  this  point  has  been  already  referred  to  in  our  re- 
marks on  the  physiology  of  the  urine.  The  urine  may  exhibit 
remarkable  differences  in  its  external  physical  characters  in  persons 
suffering  from  the  same  disease, — a  circumstance  that  analysis  will 
enable  us  to  trace  to  the. different  proportions  of  water  that  may  be 
present  Frequent  recourse  to  fluids,  and  the  degree  of  activity  of 
the  process  of  transpiration  must  obviously  have  a  veiy  great  in- 
fluence on  the  amount  of  the  watery  portion,  and  therefore  on  the 
amount  of  the  urine  itself,  and  this  is  a  point  which  the  physician 
should  never  lose  sight  of  in  forming  his  opinion  on  the  quantity  of 
the  discharged  urine  and  on  its  degree  of  concentration.  It  is  well 
known  that  the  morning  urine  is  more  concentrated  than  that  w^'''*' 
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is  discharged  during  the  day. 

In  consequence  of  the  fluctuations,  arising  from  various  causes,  in 
the  amount  of  water  in  healthy  urine,  BecquereP  has  come  to  the 
conclusion  that  its  increase  or  diminution  cannot  be  referred  to  the 
action  of  disease,  except  less  than  twenty-seven  or  more  than  fifty- 
two  ounces  are  secreted  in  twenty-four  hours,  the  average  quantity 
in  health  being  about  forty-four  ounces  in  that  period. 

The  diseases  in  which  the  quantity  of  water  separated  by  the  kid- 
neys is  absolutely  or  relatively  increased,  are  diabetes  in  its  different 
forms,  and  certain  hysterical  or  nervous  disorders  in  which  a  per- 
fectly limpid  and  thin  urine  is  discharged  in  large  quantity:  thus 
Becquerel  relates  a  case  of  a  young  chlorotic  girl  who  ordinarily  se- 
creted daily  about  thirty-seven  ounces  of  water  by  the  kidneys,  but 
in  whom  the  amount  rose  to  ninety  ounces  upon  the  accession  of  a 
severe  hysterical  attack. 

The  amount  of  water  separated  by  the  kidneys  is  diminished  in 
inflammatory  affections,  in  which  Becquerel  has  seen  it  fall  as  low  as 
twelve  ounces  in  twenty-four  hours.  In  these  cases  the  urine  is  of  a 
very  dark  colour,  of  a  high  specific  gravity,  and  possesses  a  strong 
acid  reaction.  As  the  quantity  of  water  increases,  the  solid  consti- 
tuents relatively,  but  not  always  absolutely,  diminish,  as  may  be 
found  by  comparing  them  with  the  amount  secreted  in  twenty-four 
hours  in  a  state  of  health. 

The  quantity  of  urea  was  found  by  Nysten  to  be  increased  in  in- 

1  S^m^ioUque  des  Urines,  dec.  pw  19. 
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flammatory  affections,  and  my  own  analyses  of  the  urine  during  in- 
flammation, on  the  whole,  tend  to  confirm  his  statement;  for  1  found 
it  either  absolutely  or  relatively  increased,  or  equal  to  the  quantity 
separated  in  a  healthy  state,  or  at  any  rate  but  slightly  diminished. 
If  we  remember,  however,  that  in  these  acute  diseases  only  very 
small  quantities  of  nitrogenous  food  are  taken,  and  that  the  quantit}" 
of  urea  must  naturally  decrease  under  such  a  diet,  we  may  regard  it 
as  increased  even  if  it  falls  below  the  physiological  average.  Bec- 
querel  also  found  the  amount  of  urea  in  acute  diseases  very  little 
below  the  physiological  mean. 

The  quantity  of  urea  is  diminished  in  diseases  in  which  there  is 
either  an  absolute  deficiency  ot  blood,  or  the  blood  is  poor  in  cor- 
puscles; thus  Becquerel  found  the  urine  in  chlorosis  deficient  in  urea, 
and  I  have  observed  the  same  to  be  the  case  in  the  latter  stages  of 
tydhus. 

The  relative  proportion  of  uric  acid  varies  much  in  different  diseases. 
We  may  conclude  from  the  observations  which  have  been  made  that 
the  amount  is  increased  by  disturbances  in  the  circulating  system,  as 
in  the  paroxysms  of  fever,  in  inflammations,  &c.  The  following  pa- 
thological conditions  lead,  according  to  Becquerel,  to  an  increased 
quantity  of  uric  acid:  fever;  great  general  functional  disturbances, 
such  as  arise  from  oppressive  dyspnoea  in  pulmonary  emphysema  or 
cardiac  disease,  acute  pain,  convulsions,  delirium, &C.9  especially  when 
attended  with  fever;  and  diseases  of  the  liver,  as  hepatitis,  cancer,  or 
cirrhosis.  The  amount  of  uric  acid  is  diminished  in  those  cases  in 
which  there  is  a  deficiency  of  blood,  or  where  the  blood  is  poor  in 
corpuscles.  Becquerel  found  this  to  occur  in  cases  of  chlorosis  and 
ansemia,  and  in  persons  in  whom  the  vital  juices  seemed  dried  up. 
The  amount  of  the  salts  in  the  urine  fluctuates  extremely  during  dis- 
ease. Generally  speaking,  we  may  assume  that  the  quantity  of  salts 
decreases  in  most  pathological  states  of  the  system;  the  cases  in  which 
the  salts  increase  during  disease  being  very  rare.  Becquerel  states 
that  in  those  diseases  in  which  the  amount  of  urea  is  only  slightly 
diminished,  the  proportion  of  salts  is  not  materially  affected;  but  that 
in  those  cases  in  which  the  urea  suffers  a  considerable  reduction,  the 
same  takes  place  with  regard  to  the  salts.  Analyses  of  inflammatory 
urine  are,  however,  opposed  to  this  statement,  since  in  these  cases 
the  urea  sometimes  exceeds  the  normal  amount,  while  the  salts  are 
decreased  in  an  extraordinary  manner.  It  is  to  be  regretted  that 
Becquerel  has  not  undertaken  an  exact  quantitative  separation  of  the 
different  salts,  as  the  increase  or  decrease  of  the  fixed  salts  collec- 
tively is  a  circumstance  of  much  less  importance  than  the  varying 
relative  proportions  of  the  individual  compounds. 


450 


THE  SECRETIONS. 


ON  THE  CONSTITUTION  OF  THE  URINE  IN  DIFFERENT  DISEASES.^ 

Urine  in  the  Phlogoses. 

Ill  inflammatory  afTections,  and  in  those  diseases  which  are  accom- 
panied by  that  form  of  fever  which  is  termed  sthenic  or  synochal, 

I  Becqueivl  has  attempted  to  damfy  every  form  of  morbid  urine  under  one  of  die  fcor  ftl- 
lowing  headu:  Ist,  FebfUe  urine;  2d,  Annmc  uiine;  3d,  Alkaline  urine;  4th,  Urine  dttrinf 
but  dightly  from  the  normal  standard. 

1st.  Febrile  urine  iireseiita  three  distinct  varieties: 

a.  Febrile  urine,  in  the  strict  sense  of  the  word,  is  passed  by  persons  suffering  fifum  frvcr,  m 
with  severe  functional  disorders.  This  urine  is  characterized  by  a  coosideiBble  diminution  ia 
the  quantity  of  the  water  discharf^  by  the  kidneys  in  twenty-four  hours,  and  by  a  dight  di- 
minution in  the  amount  of  tlie  solid  conKtituents,  the  urea  and  inorganic  salts  being  bdovr  tbt 
daily  healthy  averase.  while  the  uric  acid  is  increased.  It  is  of  higher  specific  gravity  thai 
normal  urine,  its  colour  is  deeper  and  redder,  it  is  frequently  tuibid,  and  often  contains  a  mal 

yuantity  of  albumen.    Becquercl  givcd  the  following  analysis  as  a  tyne  of  this  form  c^  arine: 
place  liis  onalyris  of  healthy  urine  by  its  side,  in  order  to  render  tne  differences  in  the  two 
fluids  the  more  striking: 

Tme  febrile  urine.  Ilealtby  urine  (Beeqaertl.) 

Quantity  of  urine  in  twenty-four  hours  23  ounces  45  ounces 

Specific  gravity  .  .  .        102Ii)  1017H) 


Water 

Solid  constituents 

Urea 

Uric  acid 

Other  organic  matters 

Fixed  salts 


964-0 
3(H) 
13-2 

1*5 
147 

71 


»720 

2(H) 

12-1 

0^ 

&6 

(r9 


The  urine  is  stated  to  assume  the  true  febrile  character  in  severe  functional  deiangemeots,  in 
chronic  and  acute  infUmmationfl,  in  general  hyperasthenia,  in  diseases  of  the  liver,  the  heart 
and  the  lungs;  in  hemorrhages  during  their  continuance,  and  in  such  organic  degeueiationiof 
the  different  organs  as  result  from  fever  or  functional  derangement 

p.  Febrile  urine,  accompanied  with  great  debility.  In  tlus  variety  of  urine  the  water  is  Uke* 
wise  diminished.  The  specific  gravity  of  the  urine  and  tlie  amount  of  solid  constituents  aie 
considerably  leas  than  in  the  former  case.  With  the  exception  of  the  uric  add,  which 
normal,  all  the  other  constituents  are  absolutely,  although  not  relatively,  diminished. 

The  f(^owing  analysis  is  gi\'cn  by  Bccquerel  as  a  ^'po  of  this  variety  of  urine: 

Quantity  of  urine  in  twenty-four  hours         ...  21  ounces 


Specific  gravity 
w  aicr  • 

Solid  constituents 

Urea 

Uric  acid 

Other  organic  matters 

Fixed  salts 


1014-7 

9740 

2&0 

7-3 

0« 

10-5 

4-2 


This  form  of  urine  is  less  concentrated  than  the  normal  secretion,  is  deeply  coloured,  and 
often  turbid  from  tlie  spontaneous  deposition  of  uric  acid.  It  occurs  in  those  cases  of  fever  in 
which  there  is  great  prostration  and  debility  arisuig  either  from  the  disease  itself  or  fixxn  veiy 
energetic  treatment,  such  as  free  venesections  or  repeated  purgations. 

y.  Febrile  urine  in  which  the  quantity  of  water  is  not  affected.  In  this  variety  the  daik 
amount  of  water  is  not  fess  than  in  health;  the  urea  and  fixed  salts  are  diminiihed;  flie  unc 
acid  and  other  organic  matters  are  normal  The  composition  is  illustrated  l^  the  fettowing 
analysis: 

Quantity  of  urine  in  twenty-four  hours  .  .  45  ounces 


Specific  gravity 

Water 

Solid  constituents 

Urea 

Uric  acid 

Other  organic  matters 

Fixed  salts 


1010^ 
1)82-6 
17-2 
C-8 
0-3 
7-5 
2-6 
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the  urine  differs  greatly  in  its  properties  from  normal  urine.  In 
speaking  of  the  probable  cause  of  the  changed  constitution  of  the 
blood  in  the  phlogoses,  (see  p.  233,)  I  showed  that  it  is  not  to 
be  referred  to  the  diseased  organ,  but  to  the  reaction  which  mani- 
fests itself  throughout  the  vascular  system.  If  the  change  in  the 
constitution  of  the  blood  bears  an  accurate  and  inseparable  relation  to 
the  fever,  there  can  be  no  doubt  that  the  change  in  the  constitution 
of  the  urine  must  be  in  relation  to  the  same  cause,  for  the  urine  is 
separated  from  the  blood,  and  was  previously  an  integral  constituent 
of  it;  and  because,  further,  every  alteration  in  the  constitution  of  the 
blood  must  involve  corresponding  changes  in  the  secretions  and  ex- 
cretions, and  more  especially  in  the  urine.  Since  like  effects  follow 
like  causes,  and  since  in  inflammatory  affections  the  vascular  system 
similarly  participates  in  the  disturbance,  we  may  assume  U  priori 
that  similar  changes  will  occur  in  the  urine, — a  point  confirmed  by 
experience. 

The  urine  discharged  during  inflammations  is  usually  termed  fe- 
brile urine.  There  is  no  objection  to  this  term,  since  the  cause  of 
the  change  in  the  urine  must  be  sought  for  in  the  fever:  I  shall,  how- 
ever, not  introduce  the  term  *  febrile  urine  *  here,  since  it  is  more 
than  probable  that  the  changes  in  the  composition  of  the  urine  vary 
according  as  the  character  of  the  fever  is  synochal  or  torpid.  My 
analyses  show,  in  fact,  that  the  relative  proportions  of  urea  in  fevers 
of  a  torpid  and  of  a  synochal  character  are  different;  and  although 
the  analyses  are  not  yet  su£Scient]y  numerous  to  establish  the  dine- 

Tbe  specific  graTity  is  low,  althoagh  the  coloor  is  usuaUy  deep.  It  does  not  deposit  any 
ndimcnt,  and  even  after  the  addition  of  an  add,  there  is  often  no  precipitation  of  uric  add. 

2dlj.  Anemic  urine.  This  form  of  urine  usuaUy  occurs  in  ansmia,  chlorosis,  6cc  It  is 
divided  by  Hecquerel  into  the  two  fi)Uowing  varieties: 

a.  True  anemic  urine.  The  amount  of  water  discharged  by  the  kidne3rs  in  twenty-ibor 
hours  is  almost  normal,  while  the  solid  constituents  are  considerably  less  than  in  healthy  urine ; 
the  urea,  uric  acid,  and  fixed  salts  being  much  diminished,  and  the  other  organic  matters  de- 
creased in  a  slighter  degree.  Its  specific  gravity  is  low,  it  is  not  deeply  coloured,  and  it  deposits 
no  sediment    Its  constitution  is  well  represented  in  the  following  analysis: 

Quantity  of  urine  m  twenty-four  hours     -  .  .  38  ounces 

Specific  gravity        .....        1010-3 


opea. 

Water 

Solid  coostituentB 

Urea 

Uric  add 

Other  organic  mattexs 

Fixed  salts 


0828 
17-2 
&51 
025 
6*23 
4-20 


/f.  CoDoentrated  ansmic  urine.  In  this  form  of  urine  the  water  diKharged  in  twenty-four 
hoiire  is  much  diminished,  and  the  amount  of  solid  constituents,  although  relativdy  increased, 
ii  absolutely  diminished  also.  The  urea,  uric  add,  and  fixed  sedts  are  the  most  diminished; 
the  other  organic  matters  less  so.  This  urine  is  of  a  green  or  livid  tint,  and  is  never  red  or 
yellow. 

Sdly.  Alkaline  urine.  This  variety  is  distinguidied  by  its  alkaline  reaction  on  test^per 
and  by  its  ammoniacal  odour.  (When  the  urine  has  become  alkaline  by  the  use  of  bicarbonate 
of  soda  there  is  no  ammoniacal  odour  devdopcd.)  It  has  been  observed  by  Becquerel  in  acute 
and  chronic  nephritis,  in  diseases  of  the  bladder  accompanied  with  purulent  secretion,  in  cerdiin 
disewes  of  the  brain,  and  sometimes  in  Brig^t's  disease. 

4thly.  Urine  not  difiering  irom  the  normal  type  occurs  m  slight  non-febrile  afiections. 
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rence  with  certainty,  it  still  appears  to  roe  to  be  a  point  of  sufficient 
importance  to  demand  attention,  and  one  that  should  be  carefully 

worked  out 

In  order  to  take  a  correct  view  of  the  composition  of  the  urine,  we 
must  bear  in  mind  the  composition  of  the  blood,  the  reaction  of  the 
yascular  system,  and  the  diet,  since  the  mixture  of  the  proximate 
constituents  is  dependent  upon  these  circumstances. 

The  following  are  the  general  characteristics  of  the  urine  in  in- 
flammatory affections:  The  urine  is  darker  than  usual,  and  is  of  a 
yellow,  brown,  or  reddish-brown  tint;  it  has  an  acid  reaction,  and  is 
generally  of  a  high  specific  gravity.  With  respect  to  its  most  im- 
portant constituents,  the  urea  is  either  absolutely  increased,  or  is  at 
the  ordinary  physiological  average,  or  may  be  a  little  below  it;  the 
uric  acid  is  always  absolutely  increased,  and  so  are  the  extractive  mat- 
ters, especially  the  alcohol-extract  The  salts  are  always  absolutely 
diminished,  especially  the  chloride  of  sodium;  the  sulphates,  on  the 
other  hand,  either  approximate  to  the  physiological  average,  or  are  not 
far  below  it  Assuming,  as  the  mean  of  numerous  analyses,  that 
the  urea  constitutes  39  g  of  the  solid  residue  of  normal  urine,  I  have 
found  it  as  high  as  46-8  in  inflammatory  affections.  (In  abdominal 
typhus,  with  a  quick  small  pulse,  I  have  seen  it  as  low  as  88.) 

The  physiological  average  of  uric  acid  may  be  placed  at  1*5^  of  the 
solid  residue ;  in  the  phlogoses  I  have  observed  it  amount  to  nearly 
3^,  and  Becquerel  even  found  it  rise  as  high  as  5*9§.  The  quantity 
of  extractive  matter,  &c.,  which  in  normal  urine  amounts  to  23*5$  of 
the  solid  residue,  rises  in  inflammations  to  43^.  The  fixed  salts, 
which,  in  healthy  urine,  constitute  about  25^  of  the  solid  residue, 
diminish  here  to  12g.  The  sulphate  of  potash,  which,  in  healthy 
urine,  forms  about  lOg  of  the  solid  residue,  I  found  to  vary  in  in- 
flammation between  7§  and  9g. 

The  composition  of  the  urine  becomes  changed  if  much  blood  is 
abstracted  during  the  progress  of  the  inflammation.  It  becomes 
clearer,  specifically  lighter,  and  the  amount  of  urea  decreases  abso- 
lutely and  relatively. 

At  the  height  of  the  inflammation,  or  (perhaps  it  would  be  better 
to  say)  at  the  time  when  the  fever  puts  on  the  synochal  type  most 
stronsly,  the  urine  is  usually  clear  and  deeply  coloured ;  it  subse- 
quently forms  a  sediment  of  a  yellow  or  red  colour,  composed  of  uric 
acid  and  urates. 

Pericardiiis. 

I  have  had  an  opportunity  of  examining  the  urine  in  pericarditis. 
A  man  aged  36  years  entered  the  hospital  with  the  symptoms  of 
very  acute  pericarditis ;  the  pulse  was  108,  very  full  and  hard.  The 
urine  obtained  for  analysis  was  clear,  of  a  deep  fiery-red  colour,  had 
an  acid  reaction,  a  specific  gravity  of  1023*5,  and,  on  being  heated, 
gave  indications  of  the  presence  of  albumen. 
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The  chemical  analysis  gave : 


Water 
Solid  residue 

Urea        - 

Uric  add  -  •  • 

Extractive  matters 
Earthy  phosphates 
Sulphate  of  potash 
Phoq[)hateor8oda 
Chloiide  of  sodium  and  caxbonate  of  soda 


Analysis  98. 

937-50 

62-50 

29^ 

1-50 

22-70 

l-40j 


A  strict  antiphlogistic  regimen  with  bloodletting  was  ordered. 
The  blood  taken  at  the  first  venesection  exhibited,  after  coagulation, 
an  inflammatory  crust  three  fourths  of  an  inch  thick.  At  the  fourth 
bleeding,  when  five  pounds  of  blood  had  been  abstracted,  the  inflam- 
matory crust  was  one  fourth  of  an  inch  thick,  and  the  clot  very  firm. 
The  urine  now  discharged  (about  thirty-six  hours  after  the  first 
bleeding)  could  hardly  be  considered  darker  than  in  health;  it  had 
an  acid  reaction,  was  devoid  of  albumen,  and  had  a  specific  gravity 
of  1018.     It  was  composed  of  the  following  constituents: 


Annlyui  99. 

Water 

960-10 

Solid  residue 

39-90 

Uiea 

17-50 

Uric  acid 

0-99 

ExtractiTe  matters 

15-10 

Ybied  salts      - 

3-65 

If  we  calculate  the  ratios  of  these  constituents  in  relation  to  100 
parts  of  solid  residue,  and  compare  the  numbers  with  the  normal 
average,  we  shall  detect  in  the  first  analysis  the  elements  of  a  true 
inflammatory  urine:  the  urea  considerably  exceeds  the  physiological 
average,  the  fixed  salts  collectively  are  diminished,  while  the  sul- 
phates are  only  a  little  below  the  normal  standard,  and  the  uric  acid 
and  extractive  matters  are  increased.  We  see,  at  the  same  time,  the 
effect  produced  upon  the  constitution  of  the  urine  by  decided  vene- 
section. 

100  parts  of  solid  residue: 

Id  a  nslysis  98.       In  A nsljrris  99.       lu  Normal  Urine. 

Urea              -           -           -  46-8  43-8  39H) 

Uric  add        -           -           .  2-4  2-5  1-5 

Extractive  matters       -           -  36-2  37-6  23-5 

Fixed  salts      ...  120  8-9  25-8 

Sulpbateofpotadi       .           -  7-8  10^ 

[Zimmermann^  found  fibrin  in  the  urine  of  a  patient  with  <<  endo- 
carditis of  the  right  ventricle  at  the  period  of  the  commencement  of 
hypertrophy."  The  urine  was  very  variable  in  its  characters,  some- 
times normal,  sometimes  sedimentary,  and  sometimes  coagulable. 
In  the  latter  case  it  was  pale,  and  rapidly  became  alkaline.] 

>  Zur  Analysis  und  Synthesis  der  pseudoplastiBcben  Pnnme,  p.  129. 
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Phlebitis  uierina. 

1  have  had  several  opportunitiea  of  examining  the  urine  in  phkbe 
til  uterina.  In  one  instance  occurring  in  our  hospital  I  found  it  of  a 
dark  colour,  an  acid  reaction,  and  depositing  a  slight  sediment  of 
urate  of  ammonia  and  uric  acid.  In  another  case  ^uat  of  a  woman 
ued  SO,)  I  likewise  found  it  dark-coloured,  but  it  had  a  slightly 
alkaline  reaction  with  a  disaereeaUe  ammoniacal  odour.  It  deposited 
a  dirty  yellow  sediment,  which  appeared  to  the  naked  qre  to  be 
purulent,  but  which  was  shown  by  the  microscope  to  consist  of  an 
immense  number  of  mucus-granules,  of  a  few  crystals  of  ammoniaco- 
magnesian  phosphate,  and  of  an  amorphous  precipitate  of  phosphata 
of  littie  and  urate  of  ammonia.  The  clear  urine  developed  some  car- 
bonic acid  on  the  addition  of  nitric  acid,  and  became  turbid,  from 
which  the  presence  of  albumen  was  inferred. 

Meningitis. 

In  the  acute  form  of  meningitis  the  urine  assumes  the  inflamma- 
tory type.  Schdnlein  describes  it  as  being  of  a  dark  red  eoloory 
very  like  brown  beer.  The  secretion  is  usually  scantv,  (frequently 
only  from  eight  to  nine  ounces  in  twenty-four  hours,)  it  has  a  strong 
acid  reaction,  and  the  specific  gravity  and  consequently  the  amount 
of  solid  residue  is  high.  In  ^ur  cases  of  meningitis  observed  by 
Becquerel,  the  mean  specific  gravity  was  1025*2;  sediments  of  uric 
acid  sometimes  occurred  spontaneously,  and  were  sometimes  induced 
by  the  addition  of  nitric  acid.  In  two  of  the  cases  he  observed  al- 
bumen. Schdnlein  observes  that  at  the  crisis  towards  recovery  the 
urine  is  secreted  more  abundantly,  and  sometimes  deposits  purulent 
sediments. 

Encephalitis. 

The  urine  in  encephalitis  appears  to  be  much  the  same  as  in  me- 
ningitis. It  sometimes  deposits  a  sediment,  and  contains  a  small 
quantity  of  albumen.  Becquerel  found  the  specific  gravity  to  be 
1020-2. 

[Considerable  attention  has  recently  been  paid  to  the  urine  in  the 
different  forms  of  insanity.  The  most  characteristic  feature  seems 
to  be  the  excess  of  ammonia  excreted  as  carbonate,  urate,  hydrochlo- 
rate,  or  ammoniaco-magnesian  phosphate.  The  reader  may  consult 
Erlenmeyer,^  Heinrich,'  and  Sutherland  and  Rigby,^  on  this  sub- 
ject] 

'  Obsenratkiiei  physiologi-patholog.  m  morotrophio  Sigbargena  imkitnt  de  nrim  mniip 
ooruin. 

>  Ueber  die  Wicfatj^eit  miknMkopiflcheT  und  cbemiachcr  Untenochmigen  fur  die  Pflfchii- 
trik,  mit  besondrer  Ruckaicht  aaf  Hamsenuotik.    (Hiber's  Aicfaiv.  toL  7,  S.) 

>  Med.  Gaz.,  June,  1645. 
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Delirium  tremens. 

In  delirium  tremens  the  urine  is  more  or  less  of  the  inflammatory 
type;  sometimes,  however,  it  resembles  normal  urine  in  its  colour 
and  reaction.  In  a  man  aged  40,  who  had  a  very  severe  attack, 
Becquerel  found  the  urine,  acid  for  the  first  five  days,  with  a  mean 
specific  gravity  of  1017*2.  It  deposited  a  sediment  either  sponta- 
neously or  on 'the  addition  of  nitric  acid.  In  another  man  aged  40, 
who  was  also  in  the  third  stage  of  phthisis,  and  died  three  days  after- 
wards, the  urine  possessed  the  characters  of  inflammation ;  it  had  a 
specific  gravity  of  1021*8,  and  deposited  a  sediment 

Mf/eliiis. 

In  inflammation  of  the  spinal  cord  the  urine  in  many  cases  is 
much  the  same  as  in  inflammation  of  the  brain;  it  is  red,  acid,  and 
sometimes  thick  and  sedimentary.  Becquerel,  however,  has  ob- 
served cases  of  aflections  of  the  spinal  cord  in  which  the  urine  was 
not  much  removed  from  the  normal  type.  In  two  persons  aged  32 
and  50  years  respectively,  who  were  suffering  from  a  slieht  degree  of 
paralysis  of  the  lower  extremities,  the  urine  did  not  differ  materially 
from  the  healthy  secretion,  although  it  varied  on  different  days;  it 
had  an  acid  reaction,  and  contained  a  little  more  mucus  than  healthy 
urine. 

In  inflammatory  affections  of  the  brain,  and  still  more  in  those  of 
the  spinal  cord,  especially  in  chronic  cases,  the  kidneys  and  bladder 
sympathize  in  a  high  degree:  the  latter  is  sometimes  paralyzed.  The 
character  of  the  urine  then  changes  in  a  very  peculiar  manner;  it 
loses  its  acid  reaction,  and  its  colour  becomes  clearer:  at  the  period 
of  its  excretion  it  is  either  slightly  acid  or  neutral,  and  in  a  very 
short  time  it  becomes  alkaline,  in  consequence  of  the  formation  of 
carbonate  of  ammonia. 

When  first  discharged,  the  urine  is  clear,  generally  of  a  bright  yel- 
low colour,  and  possesses  rather  an  unpleasant  odour.  If  allowed  to 
stand,  a  glistening  pellicle  often  forms  very  quickly  on  the  surface, 
consisting  partly  of  crystals  of  ammoniaco-magnesian  phosphate,  and 
partly  of  amorphous  phosphate  of  lime,  as  may  be  seen  by  the  mi- 
croscope. The  presence  of  ammonia  may  also  be  recognised  at  once 
by  the  odour,  and  by  test-paper.  After  a  time,  the  urine  becomes 
turbid,and  deposits  a  sediment  of  earthy  phosphates  and  mucus,  which 
sometimes  assumes  a  purulent  appearance,  and  becomes  tough  and 
viscid  in  proportion  to  the  quantity  of  mucus  which  is  present.  The 
odour  is  then  strongly  ammoniacal,  and  often  stinking  and  putrescent; 
and  on  the  addition  of  hydrochloric  acid  to  the  urine,  a  well-marked 
effervescence  is  produced  by  the  liberation  of  carbonic  acid.  Cases 
have  however  been  observed  in  which  the  urine  was  ammoniacal  at 
the  period  of  its  emission  from  the  bladder.  A  man  aged  about  40 
years  was  brought  into  our  hospital  with  a  severe  cerebral  affection; 
he  soon  sank  into  a  state  of  deep  coma,  and  the  urine  was  emitted  in- 
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voluntarily.  On  collecting  the  urine  in  a  bottle,  it  had  an  unpleasant 
ammoniacal  odour,  an  alkaline  reaction,  and  soon  deposited  a  sedi- 
ment of  mucus  and  earthy  phosphates.  Upon  the  addition  of  nitric 
acid  after  filtration,  brisk  enervescence  took  place,  and  the  urine  be- 
came turbid,  in  consequence  of  the  presence  oi  a  slight  quantity  of  al- 
bumen. 

Becquerel  observed  much  the  same  in  four  cases  of  chronic  affec- 
tion of  the  spinal  cord,  in  which  the  functions  of  the  bladder  were 
impaired.  The  urine  was  discharged  involuntarily,  was  of  a  dirty- 
yellow  pale  colour,  of  the  ordinary  specific  gravity,  and  soon  became 
alkaline;  in  those  cases  in  which  the  urine  was  clearer,  the  specific 
gravity  was  lighter.  The  urine  always  contained  a  considerable 
quantity  of  mucus,  muco-pus,  or  true  pus,  some  albumen,  ammoni- 
aco-magnesian  phosphate,  phosphate  of  lime,  and  carbonate  of  lime. 

In  a  former  part  of  this  work,  attention  has  been  directed  to  a 
peculiar  arrangement  which  the  elements  of  urea  assume,  when  an 
aqueous  solution  of  that  substance  is  allowed  to  stand  for  a  con- 
siderable period,  or  when  it  is  treated  with  strong  acids  or  alkalies. 
1  atom  of  urea  takes  up  2  atoms  of  water,  and  becomes  carbonate  of 
ammonia,  for 

lAtomofUret         -  -        H,  N,    C,  O, 

4-8  AlonM  of  Water      •      .     -       H,  O, 

2  AtGOM  of  Caib.  Ammon.     -        H,  N.  +  C,0,  =  2  (NH„  CX).) 

We  have  sufficient  reason  to  justify  the  assumption  that  an  arrange- 
ment of  the  elements  of  urea  which  occurs  in  pure  water  will  awo 
occur  under  certain  circumstances  in  the  kidneys  or  in  the  bladder, 
if  the  nervous  activity,  which  has  a  very  marked  effect  on  the  com- 
position of  the  animal  fluids,  is  changed,  and  if  the  urine  contains 
mucus  or  muco-pus,  which  facilitate  the  new  arrangement  of  the  atoms 
in  the  same  manner  as  yeast  resolves  sugar  into  alcohol  and  carbonic 
acid. 

Inflammatory  affections  of  the  brain  and  spinal  cord  are  not  the  only 
diseases  in  which  carbonate  of  ammonia  is  formed  in  the  urine:  I 
shall  subsequently  show  that  alkaline  urine  is  frequently  observed  in 
diseases  of  the  kidneys  and  the  bladder,  and  in  nervous  fevers. 


In  inflammation  of  the  respiratory  organs  the  urine  generally  ex- 
hibits the  inflammatory  type  in  a  high  degree,  varying,  however, 
with  the  development,  extent,  and  intensity  of  the  disease. 

BroncMlis. 

In  bronchitis,  if  the  attack  is  severe,  and  accompanied  with  much 
synochal  fever,  the  urine  is  scanty,  of  a  dark -red  colour,  strongly  acid, 
and  of  a  high  specific  gravity. 

Becquerel  observed  an  appreciable  amount  of  albumen  in  the  urine 
in  such  cases.     The  urine  deposited  a  sediment,  and  had  a  mean 
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specific  gravity  of  1025*2.  During  convalescence,  the  urine  either 
returns  to  the  normal  state^or  assumes  the  ana&mic  type  (of  Becquerel,) 
i.  e.,  it  is  pale,  of  low  specific  gravity,  and  deficient  in  solid  consti- 
tuents, especially  in  urea.  In  milder  forms  of  acute  bronchitis  Bec- 
querel  found  the  urine  highly  coloured,  sometimes  sedimentary,  and 
of  a  mean  specific  gravity  of  1024*3.  In  the  mildest  forms^  the 
urine  scarcely  deviates  from  the  normal  state. 

Pneumonia. 

In  pneumonia  the  urine  is  subject  to  considerable  variations  depen- 
dent upon  the  extent  of  the  disease,  and  the  degree  of  inflammation. 
In  severe  inflammations,  the  urine  is  very  dark,oi  high  specific  gravity, 
and  frequently  sedimentary,  especially  at  critical  periods  and  during 
the  fever;  Becquerel,  however,  once  found  that  the  urine  deposited 
a  sediment  on  the  day  when  the  fever  ceased.  An  appreciable 
amount  of  albumen  is  by  no  means  rare.  The  urine  remains  acid 
during  the  whole  period  of  inflammation,  and  Becquerel  found  the 
same  to  be  the  case  during  the  period  of  convalescence  also.  The 
mucus  is  increased  during  the  febrile  period,  and  this  is  observable 
in  a  more  marked  degree  in  women  than  in  men. 

Andral^  has  communicated  some  observations  regarding  the  uri- 
nary sediments  in  pneumonia.  Out  of  thirty-three  cases,  in  twelve 
the  urine  remained  perfectly  clear  throughout  the  whole  course  of 
the  disease,  and  was  not  rendered  turbid  either  by  nitric  acid  or  by 
heat:  of  these  cases  in  six  even  the  colour  was  not  affected,  and 
two  sank  under  the  disease.  In  nine  of  the  thirty-three  cases  the 
urine  was  alternately  clear  and  turbid,  or  sedimentary.  The  sedi- 
ments were  for  the  most  part  spontaneous,  and  composed  of  amor- 
Ehous  uric  acid.  In  one  of  these  nine  cases  the  urine  contained  al- 
umen.  The  sediments  occurred,  as  might  be  expected,  in  the  dif- 
ferent cases,  at  different  periods  and  under  different  modifications. 
In  one  the  urine  was  clear  and  of  a  reddish-brown  colour  till  the 
tenth  day,  and  then  formed  for  the  first  and  only  time  a  grayish- 
white  precipitate.  In  another  case  the  urine,  which  was  of  a  brown- 
red  colour,  did  not  become  turbid  till  the  ninth  day,  when,  as  well  as 
on  the  two  following  days,  it  formed  a  brick-red  sediment.  It  then 
became  clear,  and  remained  so.  In  a  third  case,  the  urine,  which 
was  deep-coloured,  deposited  a  grayish-red  sediment  on  the  seventh 
day,  and  then  became  clear  and  amber-coloured.  In  the  other  twelve 
cases  that  remain  from  the  thirty-three,  the  urine  was  always  turbid 
or  sedimentary,  either  spontaneously  or  on  the  addition  of  a  few 
drops  of  nitric  acid,  from  the  period  of  admission  to  the  termination 
of  the  disease.  Three  of  these  twelve  cases  terminated  fatally,  and 
in  these  the  urine  remained  turbid  to  the  last.  In  the  nine  other 
cases  the  urine  returned  to  its  transparent  state  at  the  cessation  of  the 
disease. 

1  Becquerel,  Le  S^m^iotique  des  Urinei^  p.  332. 
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Becquerel  has  arrived  at  the  following  remits  respecting  the  eon- 
stitution  of  the  urine  in  pneumonia. 

In  a  case  of  acute  pneumonia  at  the  period  of  the  crisis,  the  quan- 
tity of  urine  passed  in  twenty-four  hours  was  26  ounces,  its  specific 
gravity  1015*1,  and  its  amount  of  solid  residue  24*9  in  1000.  The 
patient  was  depressed,  his  pulse  96,  and  the  urine,  as  well  as  the 
skin,  had  a  bilious  tinge. 

In  a  second  case,  in  which  there  was  intense  fever,  and  the  pulse 
was  120,  22  ounces  of  dark  red  urine  of  specific  gravity  1021-8  were 
passed  in  twenty-four  hours:  there  were  36  parts  of  solid  residue  in 
1000  of  urine.  In  a  third  case  in  which  the  patient  had  been  much 
depressed  by  venesection  and  large  doses  of  tartarized  antimony,  and 
where  the  pulse  was  104,  there  were  30  ounces  of  dark-yellow,  tur- 
bid, acid  urine,  of  specific  gravity  1015-9,  and  containing  26*3  of  solid 
residue  in  1000  parts,  emitted  in  twenty-four  hours. 

Becquerel  has  made  one  complete  analysis  of  the  urine  in  a  case 
of  pneumonia  in  which  the  pulse  was  100.     He  found 


The  Quantity  of  urine  in  twenty-four  bouxB 
Specinc  gnmty 
Water 
Solid  midiie 

Uiea 

Uric  acid 

Fixed  aalta 

Extractive  matten 


S6 

1011-7 

96M 

194 
7-3 


I  have  made  two  analyses  of  urine  passed  in  pneumonia.  Analy- 
sis 100  represents  the  urine  of  a  man  aged  35  years ;  it  was  of  a  fiery- 
red  colour,  clear,  and  strongly  acid;  the  pulse  was  full,  108  in  the 
minute. 

Analysis  101  represents  the  urine  of  a  man  aged  40  years;  it  was 
of  a  dark  yellow  colour,  had  an  acid  reaction,  and  contained  a  con- 
siderable quantity  of  mucus.  In  both  cases  there  was  a  good  deal  of 
albumen. 

Specific  gravity  -  .  •  . 

Solid  reaidue  -  -  -  -  - 

Urea  "  -  -  -  - 

Uric  acid    -  -  -  -  - 

Alcohol-extract  with  lactic  add  and  ammoniaraalta 
Spirit-extTEK^t  .... 

Wate^extiBct  -  -  .  - 

Albumen  .... 

Earthy  phoephatea  ... 

Sulphate  of  potadi  ....  ^'^^l&gs 

Phoqibate  of  aoda,  chloride  of  eodiuin,  and  caibo     7  0.00  5  ^^ 
nateofsoda        .  .  .  .  j  ^"^^ 

If  we  calculate  the  amount  of  the  more  important  constituents  in 
relation  to  100  parts  of  solid  residue  in  these  three  analyses,  we  shall 
find  that  they  exhibit  very  close  approximations  to  each  other,  and 
on  contrasting  them  with  the  normal  standard,  it  will  appear  that  the 
urea  is  a  little  diminished,  that  the  uric  acid  is  increased,  that  the 


Analysii  100. 

Analyiia  :01. 

1017O 

1090O 

959^ 

947-90 

40-40 

63-10 

15-79 

19-36 

0-71 

]-5e 

8         9-34 

9€5 

110 

3-18 

584 

6-40 

147 

0-50 

0^ 

0-56 

6-74 


37-6 

39K)  37-2 

390 

20 

1-7    2-8 

]*5 

14*0 

18-3  14-0 

2^8 

45-4 

400  37-0 

23*5 

90 

10-3 
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salts  are  diminishedy  and  that  the  extractive  matters,  especially  the 
alcohol-extract,  are  increased  in  the  urine  of  pneumonia. 

100  parts  of  solid  residue  of         100  parts  of  solid  residue  of 

pneumonic  urine  contain:  {|    normal  urine  contain: 

Becquerel.  Simon. 

Urea 

Uric  acid 
Fixed  salts   - 
Extractive  matters 
Sulphate  of  potash 

According  to  Schonlein,  the  crisis  in  pneumonia  shows  itself  in 
the  urine  by  the  secretion  becoming  turbid  and  sedimentary;  after 
ten  or  twelve  hours  a  crystalline  micaceous  deposit  forms,  above 
which  the  urine  becomes  clear. 

The  following  instance  is  strongly  confirmatory  of  Schonlein's 
opinion.  In  a  case  of  pneumonia  that  recently  occurred  in  his  own 
wards,  the  urine,  during  the  height  of  the  inflammatory  stage,  was 
dark,  very  acid,  and  deposited  no  sediment;  at  the  period  of  resolu- 
tion it  became  paler  and  neutral;  one  morning  I  found  it  yellow, 
neutral,  and  with  a  sediment  of  white  crystals  visible  even  to  the 
naked  eye.  The  microscope  at  once  revealed  the  beautiful  shapes 
assumed  by  the  ammoniaco-magnesian  phosphate.  I  was  much  struck 
with  the  singular  relations  of  the  urine  itself.  It  was  perfectly  neu- 
tral; and  any  acid,  even  dilute  acetic,  threw  down  a  white  precipi- 
tate, which  led  to  the  supposition  that  caseous  matter  was  present;  I 
soon,  however,  found  that  this  was  not  the  case,  for  on  treating  a  por- 
tion with  hydrochloric  acid  and  allowing  it  to  stand  for  some  time, 
very  beautiful,  nearly  colourless  crystals  of  uric  acid  were  deposited. 

Alcohol  threw  down  a  tolerably  copious  white  precipitate,  which 
was  collected  on  a  filter  and  washed  with  more  alcohol.  A  portion 
of  this  precipitate  was  taken  up  by  warm  water,  and  left  as  a  residue 
after  evaporation ;  it  was  entirely  consumed  when  heated  on  platinum 
foil :  rubbed  with  caustic  potash,  it  developed  ammonia ;  warmed  with 
nitric  acid,  it  gave  indications  of  the  presence  of  a  large  amount  of 
uric  acid.  The  portion  insoluble  in  warm  water  was  readily  soluble 
in  hydrochloric  acid,  from  which  it  could  be  again  precipitated  by 
ammonia,  and  on  examining  this  precipitate  under  the  microscope,  I 
found  that  it  was  composed  of  ammoniaco-magnesian  phosphate. 
Hence  it  follows  that  the  white  precipitate  which  I  at  first  mistook 
for  casein,  consisted  of  uric  acid  combined  with  ammonia,  which  ex- 
isted dissolved  in  the  urine  to  an  unprecedented  amount. 

[Heller^  has  recorded  a  singular  case  in  which  the  urine  emitted 
an  odour  of  hydrosulphate  of  ammonia,  and  deposited  a  sediment  of 
urate  of  soda,  during  this  disease. 

The  patient  was  a  boy  aged  14  years,  with  pneumonia  of  the  right 
lung.  The  peculiar  odour  of  the  urine  was  first  observed  on  the 
tenth  day  of  the  disease.     The  secretion  on  that  day  was  copious,  of 

■  ArduT  fur  physiolog.  und  patholog.  Chemie^  yal  1, 94. 
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a  light-yellow  colour,  very  turbid,  and  deposited  an  abundant  day- 
colour  sediment  This  sediment,  when  examined  under  the  micro- 
scope, was  found  to  consist  of  clear  and  beautifully  defined  large 
globules  studded  with  numerous  spines,  mixed  with  smaller  star-like 
obiects  of  the  same  form.  (See  fig.  29  a.)  There  were  also  a  few 
epithelium-scales  and  mucus  corpuscles.  The  urine  had  a  strongly 
alkaline  reaction:  its  specific  gravity  was  1018. 
Heller  noticed  the  following  reactions: 

1.  Acetate  of  lead  produced  at  once  a  very  dark  brown  colour, 
and,  finally,  a  blackish-orown  precipitate  of  sulphuret  of  lead. 

2.  Perchloride  of  iron  (which  seems  to  be  the  best  test  for  sulphu- 
retted hydrogen  in  urine,  since  pure  sulphuret  of  iron  is  thrown 
down,  while  the  precipitate,  caused  by  the  former  test,  contains  the 
chloride,  &c.)  rendered  the  secretion  almost  black. 

3.  Nitrate  of  silver  showed  that  the  chlorides  were  in  great 
excess. 

4.  Nitrate  of  baryta  indicated  an  abundance  of  sulphates. 

5.  Ammonia  showed  that  the  earthy  phosphates  were  normaL 

6.  Nitric  acid  and  heat  indicated  the  existence  of  traces  of  al» 
bumen. 

The  urine  contained  in  1000  parts: 


Water  and  hydrosulphate  of  ammooia 


Solid  conatituents 

Urea 

Free  uric  add  --.--- 
Albumen  •--.-•• 
Urate  of  eoda  (in  the  lediment)  .... 
Extractive  matters,  with  a  large  amount  of  hydrochloratc  and  carbo- 
nate of  ammonia  ..... 
Fixed  salts            ...... 


961<96 

1»S1 
Dotnoe 


1<60 

87-40 
&61 


As  the  fixed  salts  contained  a  mere  trace  of  chloride  of  sodium, 
and  nitrate  of  silver  added  to  the  urine  showed  that  the  chlorides 
were  in  excess,  it  is  clear  that  nearly  all  the  chlorine  must  be  re- 
ferred to  the  hydrochloratc  of  ammonia.  That  the  sediment  con- 
sisted of  urate  of  soda  was  proved  chemically  as  well  as  microscopi- 
cally. The  uric  acid  was  determined  by  the  ordinary  test;  and  tfie 
soda  by  incinerating  a  portion  in  a  platinum  spoon,  dissolving  the 
white  residue  in  dUute  sulphuric  acid,  evaporating,  and  obtaining 
crystals  of  sulphate  of  soda. 

On  the  following  day,  (the  eleventh,)  the  odour  remained  nearly 
unchanged,  but  acetate  of  lead  and  perchloride  of  iron  showed  that 
the  amount  of  hydrochloratc  of  ammonia  was  diminished.  There 
was  a  small  flocculent  sediment  composed  of  urate  of  ammonia, 
mucus,  and  fragments  of  epithelium,  but  entirely  free  from  urate  of 
soda.  The  urine  now  contained  a  normal  amount  of  uric  acid,  and 
about  as  much  albumen  as  on  the  preceding  day. 

On  the  twelfth  day  the  peculiar  odour  was  very  faint,  and  on  the 
thirteenth  it  altogether  vanished.  The  urine  was  still  alkaline,  but 
gradually  resumed  its  normal  characters. 
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There  was  nothing  in  the  treatment  to  account  for  the  production 
of  the  sulphuretted  hydrogen,  and  it  can  hardly  be  ascribed  to  the 
decomposition  of  the  small  quantity  of  albumen  in  the  urine. 

Zinimermann  once  detected  fibrin  in  the  urine  of  a  patient  with 
pneumonia  on  the  third  day.  The  secretion  was  of  a  fiery  red 
colour,  but  deposited  no  sediment] 

Pleuritis, 

In  pleuritis  the  urine  comports  itself  much  the  same  way  as  in 
pneumonia.  It  exhibits,  especially  at  the  height  of  the  inflammation, 
all  the  signs  of  inflammatory  urine,  and  sometimes  contains  albumen. 

In  order  to  form  a  correct  opinion  regarding  the  urine  in  this  dis- 
ease, it  is  of  especial  importance  to  pay  attention  to  the  various  circum- 
stances that  may  modify  the  nature  of  the  secretion,  as  for  instance 
whether  the  disease  is  simple  or  complicated,  acute  or  chronic,  whe- 
ther there  is  much  or  little  fever,  to  what  extent  the  inflammation 
has  proceeded,  and  whether  there  is  any  cflusion.     Becquerel  ob- 
served several  instances  of  pleuritis  associated  with  pulmonary  phthi- 
sis, and  in  fifteen  out  of  seventeen  cases  observed  by  him,  there  was 
considerable  efilision.     In  a  man  aged  36  years,  with  acute  pleuritis, 
delirium,  and  certain  typhoid  symptoms,  and  whose  pulse  was  112 
in  the  minute,  the  urine  was  of  an  orange-red  colour,  and  on  the  ad- 
dition of  a  drop  of  nitric  acid,  deposited  a  sediment  of  uric  acid;  it 
also  contained  a  little  albumen.     The  quantity  of  urine  in  twenty- 
four  hours  was  17  ounces,  the  specific  gravity  1021,  and  in  1000 
parts  there  were  thirty-four  of  solid  residue.     In  a  man  aged  23 
years,  who  had  sub-acute  pleuritis,  whose  skin  was  slightly  jaun- 
diced, in  whom  there  was  slight  anasarca  of  the  lower  extremities, 
(it  being  a  case  in  which  peritonitis  was  also  suspected,)  and  who 
was  much  weakened  by  the  free  application  of  leeches,  the  urine 
was  of  a  deep  orange-colour  and  clear;  on  the  addition  of  nitric  acid 
it  deposited  an  abundant  sediment     In  the  course  of  twenty-four 
hours  there  were  26  ounces  of  urine  passed,  of  specific  gravity 
1014-2. 
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Becquerel  attributes  the  small  amount  of  urea  in  this  case  to  the 
debilitated  state  of  the  patient 

He  found  the  mean  specific  gravity  of  the  urine  in  seventeen  cases 
of  pleuritis  to  be  1021  8;  in  those  cases  in  which  there  was  a  spon- 
taneous sediment,  it  was  1024*8;  and  in  those  in  which  a  sediment 
was  produced  by  the  addition  of  nitric  acid,  it  was  1022*7.  Albumen 
was  present  in  three  out  of  the  seventeen  cases.     The  amount  of 
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itxiiuently  increased,  especially  in  the  urine  of  womeo, 
.  M-.is  ■'ojld  never  be  detected. 

I  rtnc,  wliicli  before  the  crisis  is  of  a  reddish  colour,  at  that  period 
.Lpoalis  copious  sediments. 

fZIinmcrmann  observed  fibrin  in  the  urine  of  a  patient  with  pleo- 
riii>,  from  the  third  to  the  fifth  day.  The  urine  was  of  a  dark  yd- 
low^olour,  and  very  frothy.] 

Pleuropneumonia, 

I  have  had  an  opportunity  of  observing  a  case  in  which  urine  of  i 
very  peculiar  nature  was  emitted  during  pleuropneumonia. 

The  urine  of  a  man  of  about  30  years  of  age,  who  was  recoverinf^ 
from  an  attack  of  pleuropneumonia,  and  whose  renal  secretion  had 
always  previously  been  rather  dark-coloured,  became  lighter  and 
neutral.  It  was  found  one  morning  of  a  citron  colour,  and  had  de- 
posited a  white  crystalline  sediment,  which,  when  observed  under 
the  microscope,  was  found  to  consist  of  beautifully-formed  crystals 
of  ammoniaco-magnesian  phosphate,  recognisable  even  by  the  naked 
eye,  perfectly  free  from  any  mixture  witli  phosphate  of  lime,  urates, 
or  mucus.  The  urine  which  was  filtered  off,  had  a  slight  alkaline 
reaction,  but  did  not  become  turbid  on  heating:  the  addition,  how- 
ever, of  any  acid,  even  acetic,  produced  a  copious  white  turbidity, 
which  did  not  disappear  on  the  addition  of  an  excess  of  the  acid,  but 
slowly  vanished  on  the  application  of  heat  In  the  acid  urine  thus 
cleared  by  heat  ferrocyanidc  of  potassium  produced  no  effect  On 
evaporating?  the  urine  a  sediment  was  dc])osited,  and  on  mixing  the 
residue  with  alcohol,  a  large  quantity  of  a  white  substance  was  pre- 
cipitated, whicli  did  not  dissolve  in  water,  and  consisted  of  phosphate 
of  magnesia,  urate  of  ammonia,  and  a  little  extractive  matter.  Since 
the  precipitate  induced  by  the  addition  of  acids  to  the  urine  gradually 
crystallized,  and  exhibited  all  the  properties  of  uric  acid,  it  is  clear 
that  the  turbidity  and  precipitate  had  been  caused  by  the  decompo- 
sition of  a  urate  which  must  have  been  present  in  a  state  of  solu- 
tion, to  a  very  large  amount  The  urine  had  a  specific  gravity  of 
1022. 

1000  parts  were  composed  of: 

In  100  parU 
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Water  .....        U>M0 


Solid  ooiutituenti 
Urem 
Uric  acid* 

Extnicti\'e  raatteis  - 

AiraiKMiuiro-iiuigncsan  phonihatc  and  other  >         •» .«» 
fixed  salt*  -  -  .  J         1^-W 


4tiO0 

20^  420 

1*46  3K) 

13-50 


e  following  day  the  properties  of  the  urine  were  entirely 

The  colour  certainly  was  the  same,  but  it  no  longer  had 

ine  reaction,  nor  did  it  form  a  crystalline  sediment,  nor  was 

}  The  uric  add  exktcd  in  the  uriuc  as  urate  of  aznnxMiia. 
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any  turbidity  induced  by  the  addition  of  an  acid.     Free  ammonia 
alone  produced  a  slight  cloudiness. 

In  a  case  of  peripneumonia  that  recently  occurred  in  Sch6nlein's 
wards,  the  urine  at  the  period  of  resolution  exhibited  precisely  the 
same  characters  as  in  the  above  case,  and  as  in  the  case  of  pneumonia 
noticed  in  page  459.  There  was  a  beautiful  crystalline  sediment  of 
ammoniaco-magncsian  phosphate,  and  any  acid  threw  down  a  copigus 
precipitate. 

Cases  such  as  these  suggest  two  important  questions,  one  of  which 
may  be  readily  answered  by  a  series  of  careful  observations:  viz. 
whether  these  peculiar  phenomena  in  the  urine  are  connected  with 
the  process  of  resolution  after  inflammation  of  the  respiratory  or- 
gans?— and  if  so,  what  is  the  nature  of  the  connexion? 

The  solution  of  the  former  question  would  afford  material  service 
in  the  prognosis  of  these  affections.  The  phenomena  persisted  for 
three  or  four  days,  and  in  both  cases  recovery  took  place. 

There  was  a  man  in  Schonlein's  wards  with  very  extensive  and 
intense  peripneumonia,  whose  urine  presented  all  the  appearances  of 
a  saccharine  fluid  in  which  fermentation  had  been  induced  by  yeast. 
It  had  a  yellowish,  turbid  appearance,  and  its  surface  was  covered 
by  a  thick  layer  of  foam,  in  which  numerous  air-bubbles  were  de- 
veloping themselves.  Gas  was  likewise  developed  in  the  fluid  itself, 
and  in  the  amorphous  yellow  sediment  that  had  been  spontaneously 
deposited.  The  frothy  covering  and  the  sediment  were  composed 
of  an  amorphous  matter,  numerous  crystals  of  an  ammoniaco-magne- 
sian  phosphate,  and  mucus-corpuscles.  On  treating  the  sediment 
with  a  free  acid,  the  crystals  and  a  portion  of  the  amorphous  matter 
(consisting  of  phosphate  of  lime)  were  dissolved:  the  remainder  was 
insoluble,  and  resembled  coagulated  albumen  in  its  behaviour  towards 
reagents.  The  urine  contained  no  trace  of  sugar,  but  a  considerable 
amount  of  carbonate  of  ammonia. 

On  evaporating  some  of  the  filtered  urine  to  which  hydrochloric 
acid  had  been  added,  there  remained  a  large  quantity  of  hydrochlo- 
rate  of  ammonia.  Very  little  urea  was  present,  the  greater  part 
having  been  converted  into  carbonate  of  ammonia  through  the  in- 
fluence of  the  protein-compound.  Vesical  mucus  exerts  a  similar  ac- 
tion, and  coqsequently  in  catarrh  of  the  bladder  the  urine  rapidly 
gives  off  a  very  disagreeable  odour,  and  the  amount  of  urea  dimi- 
nishes in  proportion  as  the  carbonate  of  ammonia  increases. 

Martin  Solon*  states,  that  in  twenty-four  cases  of  pleuropneu- 
monia, he  found  albumen  in  twenty-two;  it  was  especially  observed 
at  the  period  of  the  crisis. 

Empyema, 
It  was  known  to  the  ancient  physicians  that  effusions  of  pus  into 

1  Urinaiy  Diseases  and  their  Treatment    By  Robert  Willi%  x.d.  p.  157. 
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Ihe  thoracic  cavity  arc,  under  certain  circumstances  and  peculiar 
treatment,  carried  away  by  the  kidneys. 

Schonlein  has  observed  several  such  instances,  and  I  have  had 
several  opportunities!,  in  the  clinical  wards  of  our  hospital,  of  seeing 
cases  of  pleuritis  with  empyema,  in  which,  after  a  proper  course  of 
treatment,  turbid  urine  was  discharged  for  some  days.  Thia  urine 
contained  albumen,  and  deposited  a  sediment,  which,  under  the  mi- 
croscope and  in  its  general  physical  relations  resembled  pus,  or  (in 
one  case,)  mucus  mixed  with  pus. 

The  urine,  which  after  some  time  became  clear  above  the  sedi- 
ment, was  of  a  dark  colour,  only  slightly  acid,  and  soon  became  alka- 
line. The  symptoms  of  empyema  gradually  disappeared,  in  propor- 
tion as  the  urine  continued  to  form  purulent  sediments. 

Emphysema. 

Becquerel  has  examined  the  urine  in  eight  cases  of  pulmonary 
emphysema.  When  the  emphysema  produces  violent  dyspnoea,  fre- 
quent cough  and  much  general  disturbance,  the  urine  assumes  the 
inflammatory  type.  Becquerel  made  one  analysis  of  urine  of  this 
nature;  it  was  of  a  dark  brown  colour,  had  an  acid  reaction,  but  de- 
posited no  sediment  Its  specific  gravity  was  1016*8.  It  consisted 
of— 

In  100  parts  of  solid  residoe. 

470 
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sema  with  bronchitis,  the 
urine  deposited  a  sediment,  and  had  the  high  specific  gravity  of 
1025'6.  After  he  had  taken  purgatives  for  seven  consecutive  days, 
the  urine  became  very  aqueous  and  the  specific  gravity  was  only 
1009-2.  In  two  other  cases  in  which  emphysema  was  combined 
with  cough  and  dyspncpa,  the  specific  gravity  was  1025*2  and  1022-2. 

Angina  tonsillaris. 

In  angina  tonsillaris,  when  associated  with  synochal  fever,  the 
urine  presents  the  inflammatory  type.  Becquerel  observed  a  case  in 
which  the  urine  possessed  the  characteristics  of  inflammation  in  a 
high  degree.  It  was  red,  and  had  the  high  specific  gravity  of  1029*7. 
In  another  case,  which  was  combined  with  violent  fever,  the  urine 
was  dark-coloured,  and  had  a  specific  gravity  of  1023*9.  In  neither 
of  these  instances  was  there  any  sediment;  but  in  the  second  case, 
on  the  seventeenth  day,  an  abscess  which  had  formed  in  one  of  the 
tonsils  opened  into  the  mouth,  and  on  that  day  alone  there  was  a 
spontaneous  sediment  of  uric  acid,  and  the  specific  gravity  rose  to 
1025-2.  In  the  three  other  cases,  in  which  the  fever  was  not  so 
high,  the  specific  gravity  remained  lower. 
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Oastritis. 


Becquerel  has  made  some  observations  on  the  urine  during  gastri- 
tiSy  especially  the  chronic  form. 

Of  three  cases,  two  got  worse,  and  merged  into  the  acute  form. 
The  other  case  was  unaccompanied  by  fever,  and  the  urine  did  not 
appear  to  differ  materially  from  the  normal  type.  Of  the  two  cases, 
one  was  that  of  a  woman  who  was  free  from  fever  at  the  period  of 
her  admission  into  the  hospital.  The  urine  was  pale  and  the  speci- 
fic gravity  low.  Continued  fever  subsequently  came  on,  and  as- 
sumed a  typhoid  character.  The  urine  immediately  became  denser, 
darker  in  colour,  and  turbid  (urina  jumentosa.)  After  some  time 
the  patient  returned  to  her  former  state,  and  the  urine  again  became 
clear.  In  the  third  case,  that  of  a  man  aged  35  years,  chronic  gas- 
tritis suddenly  merged  into  the  subacute  form;  he  had  frequent 
bilious  vomiting  and  fever.  The  urine  retained  the  inflammatory 
type  until  the  condition  of  the  patient  improved.  In  a  case  of  very 
acute  gastritis  with  green  watery  vomiting,  1  found  the  urine 
scanty,  of  an  extremely  dark-red  colour,  acid,  and  forming  a  dull 
yellow  sediment  of  urate  of  ammonia  and  uric  acid:  in  fact,  exhibit- 
ing all  the  characteristics  of  the  urine  of  inflammation. 

Enteritis  and  Dysentery. 

In  a  severe  case  of  enteritis,  with  obstinate  constipation,  violent 
pain  on  pressure,  green  acid  vomitings,  and  wiry  pulse,  only  a  small 
quantity  of  urine  was  excreted.  It  was  of  a  fiery-red  colour,  acid, 
and,  after  some  time,  threw  down  a  copious  reddish  sediment  of  uric 
acid  and  urate  of  ammonia. 

Becquerel  has  observed  the  urine  in  enteritis  and  dysentery;  when 
the  diarrhoea  is  only  trifling,  and  unaccompanied  by  fever,  there  is 
hardly  any  deviation  in  the  urine  from  the  normal  state.  If,  however, 
severe  diarrhoea  and  fever  are  present,  the  urine  may  assume  the 
inflammatory  type.  In  a  case  of  simple  enteritis  with  diarrhoea  the 
urine  was  at  first  very  turbid,  of  specific  gravity  1023'1,  and  deposit- 
ed a  sediment  of  uric  acid:  it  was  afterwards  normal,  and  finally 
became  anaemic,  the  specific  gravity  falling  to  lOlOC  In  another 
case  it  was  invariably  high-coloured  and  very  concentrated,  its 
specific  gravity  being  1024*3;  in  this  instance  there  was  a  daily 
sediment. 

In  eight  cases  of  mild  enteritis  and  diarrhoea,  Becquerel  only  on 
one  occasion  detected  a  small  quantity  of  albumen. 

In  two  cases  of  a  more  chronic  form  of  diarrhoea  in  persons  who 
had  long  suffered  from  disease  and  from  insufficient  food,  the  urine 
was  very  light-coloured,  and  of  low  specific  gravity,  1011*7. 

According  to  Schonlein,  in  purely  inflammatory  diarrhoea,  the  urine 
is  of  a  fiery-red  colour,  causes  scalding  in  the  urethra,  and  forms,  at 
the  crisis,  a  crystalline  sediment  of  uric  acid. 
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In  catarrhal  diarrhcBa,  the  urine  is  rather  dark,  and  becomes  more 
so  in  the  evening:  at  the  crisis,  a  mucous  sediment  is  deposited. 

In  bilious  dysentery  the  urine  is  of  a  dark-red  colour,  tending  to  a 
brown;  during  the  crisis  it  yields  a  fawn-coloured  precipitate. 

Finally,  in  typhous  dysentery,  the  urine  is  dark,  turbid,  and  fetid. 
During  the  crisis  it  forms  no  precipitate,  but  becomes  clear  and 
loses  its  smell. 

Hepatitis. 

Very  diflerent  opinions  have  been  expressed  regarding  the  con- 
stitution of  the  urine  in  hepatitis. 

Rosc^  asserts  that,  in  several  cases  of  acute  and  chronic  hepatitis, 
he  found  the  urea  entirely  absent  In  the  acute  forms  the  urine  was 
dark,  in  the  chronic  it  was  clear.  It  possessed  no  urinous  smell,  and 
the  specific  gravity  was  lower  than  that  of  the  healthy  urine. 
Henry'  found  the  urine,  in  a  case  of  chronic  inflammation  of  the 
liver,  to  be  devoid  of  smell  and  colour,  and  of  a  specific  gravity  o 
only  1003.  The  extract  obtained  by  evaporation  gave  no  indica- 
tions of  urea  on  the  addition  of  nitric  acid.  Rose  puts  the  ques- 
tion, which  can  only  be  answered  by  farther  analysis,  whether 
the  deficiency  of  urea  arises  from  the  actual  inflammation  of  the 
liver,  or  from  the  dyspepsia  that  accompanies  it.  According  to  Coin- 
det,^  the  urine,  in  inflammation  of  the  livery  instead  of  urea,  contains 
a  substance  resembling  bilin. 

The  analyses  made  by  13ecquerel  and  myself  of  the  urine  in 
hepatitis  do  not  correspond  with  these  statements.  I  analyzed  the 
unne  of  a  man  aged  36  years,  who  was  sufiering  from  acute  hepatitis. 
The  urine  was  scanty,  had  an  acid  reaction,  was  of  a  dark  reddish- 
brown  colour,  and  deposited  a  copious  red  sediment  of  urate  of 
ammonia  and  uric  aciu.  On  the  addition  of  nitric  acid  the  brown 
colour  of  the  urine  changed  into  a  decided  green.  It  likewise  became 
turbid  on  the  application  of  heat,  so  that  it  contained  both  bilipha&in 
and  a  little  albumen. 

A  quantitative  analysis  gave: 

AuAlyaia  103. 
Water 939-70 


Solid  constituents         ... 
Urea  .... 

Uric  acid      .... 

Alcohol-extract         ... 
Watcr-and  spirit-extracts  and  albumen 
Earthy  phosphatea    ... 
Sulphate  of  potadi    .  .  • 

Phosphate  of  soda     .  .  - 

Chloride  of  sodium  and  caihonate  of  soda 


60*30 
8»d0 
1-70 
9-70 
6*30 
0-SA 
&30 
313 
9-50 


The  urate  of  ammonia  was  not  estimated  in  that  form,  but  was 
reduced  to  uric  acid  by  the  addition  of  hydrochloric   acid,  and 

*  Thomson's  Annals  of  Phfloaophy,  vol  5,  p.  423.  >  lU  T(i  6,  p.  392. 

•  Stark's  A%  Pathdogie,  p.  1152. 


T7BINB.  467 

weighed  as  such.  The  carbonate  of  soda  associated  with  the 
chloride  of  sodium,  arose  from  the  reduction  of  the  lactates. 

Becquerel  analyzed  the  urine  of  a  man  (A)  aged  33  years,  who 
was  attacked  with  icterus  accompanied  with  fever  and  diarrhoea,  after 
being  in  a  violent  rage.  He  was  soon  reduced  to  a  state  of  great 
debility.  The  urine  was  very  bilious,  deposited  a  yellow  sediment 
of  uric  acid,  and  had  a  specific  gravity  of  1013*0. 

The  urine  of  a  woman  (B)  who  had  a  chronic  aflection  of  the  heart, 
and  was  attacked  with  acute  hepatitis  without  very  well-marked  ic- 
terus, was  of  a  deep  yellow  colour,  but  not  tinged  by  bile.  It  depo- 
sited a  spontaneous  sediment,  and  had  a  specific  gravity  of  1018*9. 

The  composition  of  the  urine  in  these  two  cases  was  as  follows: 


A. 

B. 

Water 

978^ 

96&90 

Solid  coofltitucDts 

21*50 

3110 

Urea 

615 

13*10 

Uric  add 

M4 

1*57 

Fixed  aalts     • 

5-15 

4-31 

Organic  matters 

8*01 

]l-e8 

If  we  calculate  the  relative  proportions  of  the  various  constituents 
in  relation  to  one  hundred  parts  of  solid  residue  in  these  analyses, 
and  compare  them  with  the  corresponding  numbers  in  healthy  urine, 
we  find  the  proportions  much  the  same  as  we  have  already  found  in 
pneumonia,  except  that  in  Becquerel's  first  case  in  which  there  was 
great  debility  accompanied  with  typhoid  symptoms,  the  urea  is  very 
much  diminished,  whilst,  in  his  second  case,  it  is  very  much  increased ; 
in  my  case  the  salts  were  present  to  a  large  amount. 

100  parts  of  the  solid  residue  of    100  parts  of  the  solid  residue 
the  urine  in  hepatitis  contained      of  healthy  urine  contained 


Becquerel. 
1.           ^ 

Simoo. 

Urea    - 
Uric  acid 
Fixed  salts       - 
Extractive  matten^  dec. 
Sulphates 

29^6 

5*4 

24-0 

41*1 

42-2 

5^ 

13-9 

38-2 

37-5 

2-8 

31-3 

2^6 

9-0 

390 
1*5 
25*8 
23-5 
10*3 

Schonlein  states  that  the  urine  in  hepatitis  is  of  a  dark-red  colour, 
approaching  a  brown,  that  it  usually  contains  biliphscin,  and  that  at 
tlie  crisis  a  rose-coloured  precipitate  is  formed. 

[Herzog'  has  recorded  the  case  of  a  woman  aeed  44  years,  in  whom 
the  principal  symptoms  were  pain  in  the  left  lobe  of  the  liver,  and 
vomiting.  The  urine  was  of  a  safiron  colour,  but  contained  none  of 
the  ingredients  of  the  bile.  Its  specific  gravity  was  1035*7,  and  1000 
parts  yielded  68  84  of  solid  residue,  55*15^  of  which  were  urea.] 

Periioniiis. 

I  have  had  one  opportunity  of  analyzing  the  urine  in  peritonitis 
puerperalis.     It  was  passed  by  a  woman  aged  29  years,  was  of  an 
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acid  reaciioDy  and  somewhat  turbid,  but  not  particularly  dark:  when 
examined  with  the  microscope,  it  was  found  to  contain  mucus-cor- 
puscles, membranous  shreds  and  other  fragments,  which  could  only 
be  taken  for  epithelium  composed  of  many  regularly-formed,  large, 
and  elongated  cells.  On  the  application  of  heat  the  presence  of  a 
small  quantity  of  albumen  was  detected.  The  specific  gravity  was 
1020*0.     The  urine  was  composed  of — 

AaalTiifl  101. 


Water 

Solid  coDfldtUDDta 

Uiva 

Uric  add    - 

Extractive  matten 

Fixed  aalta 


951-60 

90-10 
0^ 

16-36 
930 


By  calculating  the  various  constituents  in  relation  to  100  parts  of 
solid  residue,  we  at  once  see  that  this  urine  is  of  a  decidedly  inflam- 
matory type. 

We  obtain  : 


Urea 

Uric 
Fixed  salt! 
Extractive  mattera 


1-7 
19-1 
36-1 


The  urea  even  exceeds  the  physiological  average,  the  salts  are  di- 
minished, and  the  extractive  matters  increased. 

[Scherer^  analyzed  the  urine  in  three  cases  of  febris  puerperalis. 
The  urine  was  usually  of  a  fiery-red  colour,  sometimes  neutral,  and 
often  alkaline  (or  at  least  it  rapidly  became  so;)  it  deposited  a  mixed 
sediment  of  pus,  mucus,  and  urate  of  ammonia. 

Two  analyses  gave  the  following  results: 

]. 

Water  ....        956^ 


Solid  leaidiie 
Urea 

Urate  of  amroooia 
Aloohol-extnict 
Water-extract 
Soluble  ndts 
Earthy  phosphates 
Albumen  and  mucua 


4I6-37 
10-00 
204 
12-64 
8-40 
6-69 
0-80 
2-60 


S. 

960-34 

39-76 

12^2 

0-64 

9-34 

1023 

6-34 

0-G2 

0-54 


Mucus  alone 

In  the  third  case  the  urine  resembled  butter-milk,  and  was  loaded 
with  urate  of  ammonia;  it  contained: 

Water 937-00 


Solid  reaidiie  • 
Urea 

Urate  of  ammonia 
Aloohol-extFact 
Water-extract 
Salts 


63O0 

6-70 

3-20 

1902 

27-20 

6-31 


Bouchardat'  has  published  an  analysis  of  milky  urine  passed  by  a 
woman  with  this  disease.  It  contained  no  traces  of  sugar  of  milk  or 
casein,  the  appearance  being  due  to  a  large  amount  of  urate  of  am- 
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monia.     It  is  moreover  remarkable  for  tlie  large  quantity  of  Cait  and 
of  albumen.     It  contained : 

Water            .....  94(K9 

Solid  constituents        ....  59-1 

Urea 12-4 

Uric  add    -           -           -           -           •  1.5 

Albumen  and  mucus          •           -    '       •  29^ 

Fat a-5 

Akohol-cxtract  with  lactates,  &c.     -           -  5*3 

Alkaline  sulphates               -            -           -  S^7 
Phorohate  of  soda,  and  Mphogphatc  of  ammonia      4*3 

Alkaline  chlorides               ...  0-8 

Earthy  phosphates              .           .           •  Q^ 

It  must  be  observed  that  this  urine  was  clear  on  emission,  and 
only  became  turbid  on  cooling.] 

Nysten^  analyzed  the  urine  of  a  person  aged  23  years,  suffering 
from  peritonitis.  He  found  it  of  a  dark-red  colour,  perfectly  trans- 
parent, of  the  ordinary  odour  of  urine,  and  of  an  acid  reaction.  An 
albuminous  pellicle  formed  on  the  surface  during  evaporation,  and 
the  whole  finally  coagulated  into  a  trembling  gelatinous  mass.  Nys- 
ten  states  that  this  urine  contained  thrice  the  quantity  of  urea  that 
^<  urina  sanguinis"  contains.  The  numbers  which  he  gives  do  not, 
however,  make  out  so  large  a  ratio.  I  calculate  from  the  figures 
quoted  in  Meckel's  Archiv,*  that  Nysten's  "urina  sanguinis^'  con- 
tains 40  parts  of  solid  residue,  of  which  12  are  urea,  in  1000  of  urine, 
whilst  on  the  other  hand,  in  1000  parts  of  his  inflammatory  urine 
there  are  76  of  solid  residue,  of  which  22  are  urea.  The  urine  in  the 
latter  case  was  evidently  much  more  concentrated  than  in  the  former, 
but  the  ratio  of  the  urea  to  100  parts  of  solid  residue  is  the  same  in 
both,  and  coincides  with  my  own  analysis  and  those  of  Becquerel. 
It  amounted  to  30  parts  of  urea  in  100  of  solid  residue. 

Nephritis, 

In  nephritis  acuta  the  urine  is,  according  to  Sch5nlein,  of  a  dark 
red  or  claret  colour,  and  contains  haematin ;  according  to  Rayer  the 
secretion  is  very  scanty,  especially  when  both  kidneys  are  diseased: 
it  contains  a  certain  quantity  of  blood  or  albumen,  and  has  an  acid,  a 
neutral,  or  even  an  alkaline  reaction;  it  occasionally  contains  pus,  as 
when  an  abscess  communicates  with  the  pelvis  of  the  kidney,  or 
when  the  nephritis  is  accompanied  by  inflammation  of  the  mucous 
membrane  of  the  urinary  passages. 

Becquerel  analyzed  the  urine  in  five  cases  of  acute  nephritis,  and 
in  none  of  them  was  blood  present.  The  urine  of  a  man  who  had 
acute  nephritis  possessed  the  properties  of  inflammatory  urine,  but 
contained  neither  pus,  mucus,  nor  albumen,  and  deposited  no  sedi- 
ment In  two  cases  accompanied  with  hectic  fever,  the  urine  assumed 
the  inflammatory  type,  but  contained  no  pus,  and  only,  in  one  of  the 
cases,  a  little  albumen.     In  a  woman  who  had,  at  the  same  time,  dis- 

1  Rediexches,  &c.  p.  240, 1811.  <  Vol  2;  p.  648. 
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ease  of  the  heart,  chronic  ((astritis,  and  incipient  cirrhosis  of  the  liver, 
the  urine  was  highly  inikmmatory ;  it  was  acid,  formed  a  copious 
uric-acid  sediment,  and  contained  some  mucus  and  albumen.  In  a 
woman  aged  23  years,  who  had  an  anaemic  appearance,  and  was  suf- 
fering from  slight  polydipsia,  and  in  whom  the  symptoms  of  acute 
nephritis  showed  themselves  by  violent  pain  in  the  ri^ht  kidney,  by 
continual  yomitine  for  above  ten  days,  by  great  anxiety  and  some 
fever,  Becquerel  observed  that  the  urine  remained  quite  unaffected: 
it  was  pale,  clear,  of  low  specific  gravity,  and  yery  aoundant  Willis 
directs  attention  to  the  sediment  in  simple  nephritis,  which  distiD- 
guishes  the  disease  from  arthritic  attacks;  it  usually  consists  of  an 
amorphous  powder  of  phosphate  of  lime  with  crystals  of  ammoniaeo- 
roagnesian  phosphate,  (if  the  urine  is  neutral  or  alkaline,}  or  of  uratea 
If  any  crystals  of  uric  acid  are  present,  they  are  only  in  small  quan- 
tity. In  speaking  of  the  urinary  crisis  at  the  commencement  of  re« 
coyery,  Sch5nlein  observes  that  the  urine  is  secreted  copiously,  and 
forms  a  creamy,  and  often  a  brown  sediment,  which  afterwards  sepa- 
rates itself  into  flocculent  mucus;  this  mucous  sediment  will  often 
go  on  for  some  weeks. 

In  nephritis  arthritica  the  urine  possesses  very  peculiar  properties: 
Schonlein  describes  it  as  being  of  a  fiery  red  colour,  very  acid,  and. 
soon  after  emission  depositing  glistening  red  crystals  of  uric  add. 
In  one  instance  Schonlein  found  that  the  sediment  occupied  half 
the  volume  of  the  urine.  Sometimes  the  sediment  is  of  a  yellow 
colour,  and  occasionally  there  is  gravel,  mixed  with  mucus  and  blood. 
According  to  Willis,  the  urine  in  arthritic  nephritis  contains  crystals 
of  uric  acid,  even  at  the  moment  of  its  emission. 

If  the  disease  terminates  in  convalescence,  Schonlein  observes^  that 
either  copious  sediments  of  a  sandy  micaceous  appearance  present 
themselves,  or  gravel  of  varying  size  is  discharged  with  the  urine. 

In  nephritis  albuminosa,  or  Brisht's  granular  degeneration  of  the 
kidneys,  the  urine  difiers  materially  from  the  normal  type  in  alwajrs 
containing  albumen;  in  other  points,  as  for  instance  colour  and  com- 
position, it  may  also  be  changed,  or  may  more  or  less  resemble- 
normal  urine. 

During  the  first  stage  of  the  disease,  haematuria  sometimes  occurs; 
I  have  witnessed  a  case  of  this  sort  in  our  hospital,  and  have  analyzed 
the  urine,  which  was  of  a  blood-red  colour,  and  contained  blood-cor- 
puscles, but  no  fibrin.  I  subsequently  analyzed  the  blood  of  this 
patient  (See  Analysis  37,  p.  263.)  The  urine  was  neutral,  and 
when  allowed  to  stand,  formed  a  sediment  which  was  shown  by 
the  microscope  to  consist  of  blood-corpuscles. 

On  the  application  of  heat,  there  was  a  considerable  coagulation  of 
albumen,  which  was  tinged  brown  by  haematin. 

The  specific  gravity  was  101 7'0. 

The  analysis  gavo: 


Water 

Solid  reddue '  - 

Urea 

Albumen 

Globulin 
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Aoalyfli  105. 

948-14 

51-68 

7-63 

15-00 

1-00 


Hsmatin,  extractive  matter  with  nits,  and  hsmato-g^obulin    •  23-80 

I  have  in  several  cases  made  qualitative  examinations  of  the  urine 
in  Bright's  granular  degeneration  of  the  kidneys,  and  have  always 
found  it  albuminous,  usually  pale,  and  of  an  acid  or  neutral  reaction. 
The  amount  of  albumen  varies  exceedingly. 

Rayer,^  who  has  long  and  accurately  studied  this  disease,  asserts, 
that,  in  the  acute  form  of  the  disorder,  the  urine  is  at  first  discharged 
scantily,  that  it  is  coloured  red  or  brown  by  the  presence  of  blood,  that 
it  has  an  acid  reaction,  and  has  usually  a  higher  specific  gravity  than 
normal  urine;  when  allowed  to  stand,  fibrous-looking  red  flocculi  of 
blood,  (fibrin?)  are  precipitated,  which,  when  examined  under  the 
microscope,  appear  to  consist  of  blood-corpuscles  and  mucus-granules 
mixed  with  epithelium.  After  some  days  the  urine  becomes  of  a 
citron-yellow  colour,  but  upon  the  recurrence  of  the  paroxysms  the 
blood-red  tint  reappears,  and  disappears  during  the  remissions.  The 
amount  of  albumen  discharged  in  twenty-four  hours  often  fluctuates 
considerably.  The  amount  of  the  other  constituents,  with  the  ex- 
ception of  the  urea,  does  not  seem  to  vary  so  much  from  the  normal 
standard  in  the  course  of  twenty-four  hours  in  acute  nephritis 
albuminosa  as  in  the  chronic  form  of  the  disease:  the  amount  of  urea 
is  oflen  only  slightly  decreased,  and  that  of  uric  acid  hardly  at  all, 
and  consequently  the  specific  gravity  is  not  much  afiected. 

In  the  chronic  form  of  the  disease,  Rayer  usually  found  the  urine 
rather  acid  at  the  period  of  its  discharge,  but  sometimes  neutral  or 
alkaline:  it  was  always  pale,  often  turbid,  and  at  times  had  a  curdy 
appearance  from  the  presence  of  small  white  flocculi  swimming  in 
it,  which,  under  the  microscope,  appeared  as  minute  whitish  lamellae, 
(epithelium?)  frequently  mixed  with  an  amorphous  mucous  sub- 
stance.    Sometimes  the  turbidity  arose  from  the  presence  of  fat 

Rayer  states  that  the  amount  of  albumen  is  larger  in  chronic  than 
in  acute  albuminous  nephritis,  while,  on  the  contrary,  the  amorphous 
urates  and  the  phosphates  are  diminished  in  the  former  aflection.  In 
the  chronic  form  of  this  renal  affection,  before  the  commencement  of 
dropsy,  the  ratio  of  the  quantity  of  urine  to  the  drink  which  has 
been  taken,  hardly  differs  at  all  from  the  normal  proportion.  This 
state  may  continue  for  several  months,  during  which  period  the  pre- 
sence of  albumen  affords  us  certain  means  of  diagnosis. 

Becquerel  found  the  urine  anaemic  in  the  majority  of  his  cases,  (in 
sixteen  out  of  twenty- two.)  Afler  the  separation  of  the  albumen,  it 
appeared  clear,  pale,  and  of  a  greenish  colour.  Its  specific  gravity 
varied  from  1006  3  to  1014*7.  The  mean  specific  gravity  was  1011.3; 
sediments  were  not  often  observed,  and  the  reaction  was  alkaline. 

1  Maladies  dee  Reina. 
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The  amount  of  urine  differed  very  little  from  the  normal  quantity, 
and  the  relative  proportions  of  the  most  important  normal  constitu- 
ents to  each  other  did  not  seem  to  be  altered,  but  the  urine  was  usu- 
ally deficient  in  the  amount  of  solid  constituents. 

In  those  cases  in  which  Dright's  disease  was  accompanied  by 
other  inflammatory  attacks,  by  cardiac  affections,  by  cirrhosis  of  the 
liver,  or  by  pulmonary  emphysema,  Becquerel  found  the  urine  to 
possess  the  inflammatory  type:  it  was  of  a  dark  colour,  high  specific 
gravity,  an  acid  reaction,  and  not  unfrequently  deposited  a  sediment 
Out  of  twenty-two  cases  of  Bright's  disease,  Becquerel  observed  four 
in  which  the  urine  corresponded  with  the  above  description,  and  had 
a  mean  specific  gravity  of  1023*5.  In  two  cases  the  urine  was  alka- 
line throughout  the  whole  course  of  the  disease,  and  deposited  sedi- 
ments composed  of  the  phosphates  of  lime  and  magnesia,  and  car- 
bonate of  lime.  The  urine  also  contained  in  these  cases  a  very  large 
quantity  of  carbonic  acid,  which  was  combined  with  various  bases 
(but  chiefly  with  ammonia;)  the  urea  was  at  the  same  time  conside- 
rably diminished,  having  yielded  the  elements  for  the  formation  of 
carbonate  of  ammonia.     (See  page  456.) 

In  some  cases  Becquerel  found  that  the  urine  hardly  differed  at  all 
in  its  physical  characters  from  the  normal  type.  He  obtained  the 
following  results  from  seven  analyses  They  are  calculated  for  1000 
parts : 

1.  s.  3.  4.  5.  c  7. 


Specific  gravity 

101(r3 

101(H) 

1007-5 

1008-4 

1005-4 

1012-6 

lOlOK) 

Amount  of  urine  in  > 
24  houra,  in  ounces  S 

280 

3r>^ 

G20 

78-0 

10(H) 

25-3 

Water        - 

9G5-0 

981-5 

987-5 

980-3 

989-1 

975-5 

981^ 

Solid  constituents    - 

350 

18-5 

12-5 

13-7 

10-9 

24-5 

18-5 

Urea       - 

11-6 

6-3 

6-3 

1-8 

3-8 

7-5 

&9 

Uric  acid 

0-3 

0^ 

0-3 

0-2 

0-2 

0^ 

0-4 

Albumen 

11-9 

2-5 

0-1 

3-4 

2-6 

5-9 

Fixed  Baits 

c-c 

4-1 

2-5 

2-9 

1-7 

4-9 

3-7 

Extractive  matter 

4-<5 

4-8 

3-2 

5-5 

2-5 

6-7 

4-7 

The  urine  in  the  1st  analysis  was  taken  from  a  person  suffering 
from  Bright's  disease  without  any  complication.  There  was  a  little 
fever  present.  It  was  of  a*  greenish  yellow  colour,  very  acid,  and 
contained  a  little  mucus.  In  the  2d  analysis  the  urine  belonged  to 
a  patient  in  whom  the  disease  had  assumed  a  chronic  form;  it  was 

f;reenish,  clear,  and  acid.  In  the  3d  analysis  the  urine  was  taken 
rom  a  person  in  a  state  of  convalescence,  and  who  afterwards  reco- 
vered. The  4th  analysis  represents  the  urine  of  a  man  aged  35  years, 
who  was  suffering  from  polydipsia,  wMth  cedema  of  the  feet,  and 
ascites.  The  urine  was  clear,  alkaline,  formed  a  diffuse,  whitish  sedi- 
ment, and  effervesced  briskly  on  the  addition  of  acids.  The  man 
from  whom  the  urine  of  analysis  5  was  obtained,  had  tubercles  in 
the  lungs  and  Bright's  disease  in  the  first  stage.  There  was  infiltra- 
tion of  the  feet,  and  slight  ascites;  the  urine  was  acid,  pale,  clear, 
and  very  abundant.  The  urine  in  the  6th  analysis  was  taken  from  a 
man  \>ho  also  had  tubercles  in  the  lungs  and  Bright's  disease  in  the 
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first  stage:  there  was  no  infiltration  or  dropsy:  the  urine  was  bloody 
and  very  acid. 

If  we  compare  these  analyses  of  morbid  urine  with  that  of  the 
healthy  renal  secretion,  (the  composition^  of  which  is  water  971*9, 
solid  constituents  28*1,  urea  12*1,  uric  acid  0-4,  fixed  salts  6*9,  ex- 
tractive matters  *8-6,)  we  shall  find  that,  with  the  exception  of  ana- 
lysis 1,  the  solid  constituents  are  less  than  in  healthy  urine,  that  the 
urea,  with  a  single  exception,  only  amounts  to  l-3d  or  less  of  the 
solid  constituents,  whereas,  according  to  Becqucrel,  it  constitutes 
nearly  one  half  in  healthy  urine,  that  the  quantities  of  fixed  salts, 
and  also  of  extractive  matters,  are  likewise  less  than  in  the  normal 
secretion;  that,  on  the  other  hand,  the  morbid  urine  contains  albu- 
men, which  is  altogether  absent  in  a  state  of  health. 

My  own  analyses  give  a  similar  result,  at  least  as  far  as  the  urea 
is  concerned.  1  have  recently  analyzed  the  urine  of  a  young  man 
21  years  of  age,  sufiering  from  Bright's  disease,  which  was  remark- 
able for  the  large  quantity  of  albumen  it  contained.  He  had  been 
attacked  with  anasarca  and  ascites,  and  the  urinary  secretion  was  di- 
minished to  about  12  ounces  in  twenty-four  hours:  the  urine  was  of 
a  dark-yellow  colour,  had  an  acid  reaction,  and  formed  a  whitish 
mucous  sediment,  which,  when  examined  under  the  microscope,  ap- 
peared to  consist,  at  least  for  the  most  part,  of  long,  articulated  tubes, 
similar  to  those  of  the  confervas,  which  were  in  part  filled  with  a 
dark  granular  matter;  there  were,  moreover,  many  globules  filled 
with  the  same  matter,  which  resembled  Gluge's  inflammatory  glo- 
bule; there  were  also  mucus  or  pus-granules,  and  in  one  instance  a 
slight  quantity  of  very  beautifully-crystallized  yellow  uric  acid.  1 
have  since  examined  the  sediment  in  various  cases  of  this  disease, 
and  find  that  this  appearance  is  by  no  means  uncommon.  To  the 
naked  eye  sediments  of  this  nature  resemble  a  little  mucus,  but  on 
carefully  pouring  oflf  the  urine  and  examining  the  deposit  under  the 
microscope  we  observe: 

1st.  Mucus-corpuscles  of  the  ordinary  size,  more  or  less  granular, 
and  decidedly  nucleated.     Fig.  31,  a.  a. 

2dly.  Pavement  epithelium,  from  the  mucous  membrane  of  the 
bladder.     Fig.  31,  6.  6. 

Sdly.  Blood-corpuscles.     Fig.  31,  c.  c. 

4thly.  Round  dark  vesicles  apparently  filled  with  granular  matter, 
and  varying  in  diameter  from  -0006  to  0009  of  a  French  inch. 
They  strongly  resemble  Gluge's  inflammatory  globule.  Fig.  31, rf.  d, 
5thly.  Tubes  composed  of  an  amorphous  matter,  resembling  coa- 
gulated albumen.  Fig.  31,  e.  e.  Tiiat  these  tubes  have  in  most  cases 
an  actual  capsule  and  are  cylindrical  may  be  seen  by  inclining  the 
stage,  when  they  will  rotate  in  the  fluid  in  which  they  are  floating. 
In  some  the  capsule  appears  to  be  absent,  and  we  can  then  see  an 
amorphous,  finely  granular  mass,,  adhering  in  a  cylindrical  form. 
Some  of  these  tubes  arc  full,  others  empty;  the  former  contain  a  gra- 

>  It  must  be  remembered  tliat  tlxis  is  Becqucrers  analysis  of  normal  urine.    See  p.  404. 
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nular  matter,  darker  at  some  points  than  others,  and  containing  ceHs 
and  vesicles,  similar  to  mucus-corpuscles.  The  diameter  of  these 
tuhesvary  from  •0011  to  -0006  of  a  French  inch. 

I  have  satisfied  myself,  beyond  a  doubt,  that  they  are  derived  from 
the  epithelium  investing  the  tubes  of  Bellini.  Whether  they  are 
present  as  a  consequence  of  Bright's  disease,  or  whether  they  occur 
in  other  renal  afiections,  must  be  decided  by  further  observations: 
my  present  experience  leads  me  to  believe  that  they  are  cotempo- 
raneous  with  a  certain  amount  of  albumen  in  the  urine^  but  that  blood* 
corgiLiscles  need  not  necessarily  be  present  with  them.  [These  tubes 
occasionally  present  the  twisted  appearance  represented  in  fig.  31,  yj 
copied  from  Schercr.  The  diagnostic  value  of  this  form  of  sediment 
is  uncertain;  Schdnlcin  regards  it  as  an  undoubted  sign  of  Bright's 
disease;  Scherer^  has,  however,  observed  it  during  the  period  of  des- 
quamation succeeding  scarlatina;  the  same  observation  has  been  made 
by  Lehmann,  and  I  have  myself  observed  it  in  various  cases  associated 
with  a  congested  or  irritated  condition  of  the  kidneys.] 

On  the  fifth  day  from  the  commencement  of  treatment,  the  urine 
was  much  diminished  in  quantity;  it  amounted  to  only  from  2  to  2) 
ounces  in  twenty-four  hours,  was  of  a  dark-brown  colour,  continued 
to  exhibit  an  acid  reaction,  and  deposited  a  very  copious  sediment  in 
relation  to  the  small  quantity  of  fluid.  The  quantity  of  albumen  was 
so  great  that  perfect  coagulation  took  place  on  boiling  some  pf  the 
urine  in  a  test-tube;  the  tube  could  be  inverted  without  any  fluid 
escaping.  On  the  seventh  day  the  amount  of  urine  increased,  and  it 
subsequently  became  still  more  abundant;  its  properties  remained 
much  the  same  till  the  eleventh  day,  after  which  the  albumen  de- 
creased to  such  an  extent  that  on  boiling  a  portion  of  the  urine,  only 
about  half  its  volume  became  coagulated.  The  first  occasion  on 
which  the  urine  was  analyzed,  was  when  the  secretion  was  reduced 
to  a  few  ounces;  the  second  occasion  was  on  the  day  when  it  again 
became  more  abundant.  In  the  latter  case  the  solid  constituents 
were  much  more  abundant,  although  the  urine  was  clearer,  and  as 
much  as  12  ounces  was  passed  in  the  twenty-four  hours. 

The  following  are  the  results  of  the  quantitative  analyses: 


ADalyilfl  106. 

Analysis  107. 

Specific  gravity 
Water 

1014K) 

I02SH) 

960-10 

933-50 

Solid  constituents    - 

33-90 

66-50 

Urea       - 

4-77 

10-10 

Uric  acid 

0-40 

0-CO 

Fixed  salts 

804 

lOKM) 

Extractive  matters 

2-40 

Albumen 

ld-00 

33-60 

If  we  bring  the  quantities  of  urea  and  albumen  in  these  analyses 
in  relation  to  100  parts  of  solid  constituents,  we  shall  see  that  in 
both  cases  they  occur  in  nearly  equal  ratios:  for  in  the  first  we 
have  14g  urea,  and  54§  albumen;    and  in  the  second   15}  urea, 

'  Untenuchungen,  dec.,  p.  57. 
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and  51 J  albumen.  The  amount  of  urea  is  very  much  diminished; 
if  we  brought  it  in  relation  with  the  solid  constituents  exclusive  of 
the  albumen^  it  would  even  then  be  below  the  normal  average, 
and  would  amount  to  only  30§. 

The  observations  of  Bright,  Christison,  and  others,  on  the  proper- 
ties of  the  urine  in  this  disease,  correspond  in  general  with  the 
account  which  we  have  given. 

[Some  excellent  cases  of  Bright's  disease  with  chemical  exami- 
nations of  the  urine,  are  given  in  the  work  of  Scherer,  to  which  we 
have  already  referred. 

Dr.  Percy  has  published  a  case  of  Bright's  disease,  and  given  an 
analysis  of  the  urine.     Its  specific  gravity  was  1020. 

In  1000  parts  there  were  contained: 

Water  -  ...  -        946*82 


Solid  constituents 
Urea  ... 

Uric  acid  and  indeterminate  animal 
Fixed  soluble  salts  - 
Earthy  phosphates 
Albumen  • 


matter 


63-18 

7-68 

17-52 

0-14 
22-64 


case  in  which,  as  the  disease 
acal  paroxysms  and  perfect 


Schlossberger  has  recently  published  a 
progressed,  cerebral  symptoms  with  mani 

unconsciousness  supervened,  the  paroxysms  usually  lasting  for  about 
twelve  hours.  The  urine  excreted  before  one  of  the  paroxysms,  and 
likewise  that  excreted  during  the  first  hour  after  the  same  paroxysm 
was  submitted  to  analysis. 

The  urine,  in  both  cases,  was  of  a  pale-yellow  colour,  faintly  acid, 
somewhat  turbid,  and  deposited  a  sediment  of  epithelium  mixed  with 
the  tubes  already  described;  in  the  course  of  eight  hours  there  was 
also  a  considerable  deposit  of  uric  acid.  The  specific  gravity  of  the 
former  urine  was  1011*6,  and  the  secretion  contained  in  1000  parts: 

Before  tbe  After  the 

paroxysm.  paroxysm. 

Water  ....        MgK)  931-3 

Solidresidue 

Urea 

Uric  add  with  mucus 
Alcohol-extract  with  salts 
Water-extract  with  earthy  phosphates 
Albumen     .  •  -  • 

In  the  second  specimen  there  was  a  very  large  quantity  of  mucus.] 

With  respect  to  the  analysis  of  very  albuminous  urine  I  must 
again  refer  to  page  433,  and  I  would  expressly  remark  that  the  urine 
must  be  treated  with  absolute  alcohol  for  the  determination  of  the 
albumen  and  the  urea,  since  we  obtain  inaccurate  results  in  attempt* 
ing  to  determine  the  urea  from  the  evaporated  solid  residue.  For 
the  determination  of  the  uric  acid  we  must  employ  hydrochloric  acid 
pretty  freely  diluted  with  water;  it  must  be  added  carefully,  in 
order  not  to  precipitate  any  albumen.  When  blood  occurs  in  the 
urine,  we  must  adopt  a  precisely  similar  course. 
41 


58-0 

68-7 

7-6 

4-5 

2-6 

5-2 

19-5 

20-5 

10-1 

21-9 

17-9 

17-0 
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Albuminous  urine  has  now  been  so  frequently  observed  in  nume* 
rous  diseased  states  of  the  organism  independent  of  Brighi's  disease, 
that  the  idea  has  long  been  abandoned  that  granular  degeneration  of 
the  kidneys  always  occurs  when  we  have  albuminous  urine:  the 
presence  of  albumen  in  the  urine  is,  however,  in  no  case  a  favourable 
symptom,  and  invariably  indicates  serious  disease;  1  once,  however, 
found  a  considerable  quantity  of  albumen  in  the  urine  of  a  blooming 
and  apparently  quite  healthy  young  man,  and  the  only  cause  to 
which  its  presence  could  be  assigned  was  that  he  had  suflered  from 
intermittent  fever  six  years  previously.  There  are  various  conditions 
under  which  this  constituent  may  be  present  During  a  catarrho- 
rheumatic  affection  1  once  observed  a  little  albumen  in  my  morning 
urine,  but  in  the  urine  secreted  in  the  middle  of  the  same  day  not  a 
trace  could  be  detected.  1  noticed  the  following  case  of  albuminuria 
in  Schonlein's  wards.  A  man  suffering  from  pneumonia  passed  very 
turbid  urine  till  the  period  of  incipient  resolution;  it  had  a  very  acid 
reaction,  and  after  several  hours'  rest  deposited  no  sediment  The 
turbidity  arose  from  urate  of  ammonia  in  suspension,  it  disappeared 
on  the  amilication  of  heat,  and  again  became  apparent  as  the  urine 
cooled.  The  urine  presented  this  jumentous  appearance  for  six  days; 
on  the  seventh  there  was  a  slight  flocculent  amorphous  deposit  of 
urate  of  ammonia.  On  gently  warming  the  urine  the  sedimeDt 
perfectly  dissolved,  but  at  a  boiling  heat  it  became  turbid  from  the 
separation  of  a  considerable  amount  of  albumen.  On  the  following 
day  the  urine  was  very  turbid  in  consequence  of  the  presence  of 
urate  of  ammonia,  the  amount  of  albumen  remaining  much  the  same. 
From  that  date  the  urine  became  clear,  but  remained  albuminous  till 
convalescence  was  established,  the  albumen  gradually  disappearing 
as  the  health  improved.  During  the  whole  of  this  period  the  patient 
complained  of  no  pain  in  the  region  of  the  kidney,  even  on  strong 
pressure;  neither  was  there  any  deposition  of  mucus. 

A  man  treated  antiphlogistically  for  a  severe  attack  of  articular 
rheumatism  passed,  for  a  considerable  time,  urine  of  a  dark  colour 
and  very  acid  reaction,  which,  however,  threw  down  no  sediment 
During  the  period  of  convalescence,  when  the  swelling  and  pain  had 
diminished,  the  urine  became  less  acid,  without  any  appearance  of  a 
sediment;  the  sweat,  however,  was  still  extremely  acid,  and  one 
morning  the  urine  contained  a  very  considerable  amount  of  albumen. 

This  abnormal  constituent  occurred  in  the  whole  of  the  urine  ex- 
creted that  day;  on  the  morrow  it  was  nearly  gone,  and  on  the  third 
day  had  quite  disappeared.  No  renal  irritation  could  be  detected, 
neither  was  any  sediment  observed. 

The  urine  of  a  young  man  with  all  the  signs  of  general  dropsy, 
contained  a  considerable  amount  of  albumen,  and  deposited  a  light 
mucous  sediment  containing  a  considerable  number  of  colourless 
blood-corpuscles  (recognisable  by  their  discoid  form,)  numerous  ex- 
udation-globules, mucus-corpuscles,  and  a  few  of  the  tubes  described 
in  page  473.     The  urine  had  the  pale,  green,  opalescent  appearance 
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indicative  of  the  presence  of  albumen,  and  did  not  contain  a  trace  of 
haematin,  which  must  consequently  have  been  perfectly  separated 
from  the  blood-corpuscles  before  leaving  the  kidneys.  The  patient 
complained  of  no  pain  (even  on  pressure)  in  the  lumbar  region. 

I  received  a  specimen  of  urine  from  Dr.  Broun,  which  had  been 
passed  by  a  patient  who  for  a  long  time  had  sufiered  from  considera- 
ble oedematous  infiltration  of  the  extremities.  It  gave  no  indication 
of  albumen,  neither  did  it  contain  any  of  the  peculiar  sediment  which 
seems  especially  associated  with  renal  irritation. 

That  in  certain  forms  of  dropsy  the  urine  is  albuminous,  while  in 
others  not  a  trace  of  albumen  can  be  detected,  has  been  thoroughly 
demonstrated.  In  hydrothorax,  and  in  dropsy  dependent  on  disease 
of  the  heart  or  the  liver,  there  is  generally  no  albumen,  whereas,  if 
the  dropsy  arise  from  disease  of  the  kidney,  albumen  is  generally 
present  In  Bright's  disease,  as  far  as  my  personal  observations  ex- 
tend, it  is  always  found,  although  the  opposite  opinion  is  held  by 
Graves.^ 

Cystitis. 

Two  deviations  from  the  normal  condition  are  frequently  observed 
in  the  urine  in  cases  of  cystitis;  these  are,  its  rapid  tendency  to  al- 
kalinity, in  consequence  of  the  formation  of  carbonate  of  ammonia, 
so  that  it  is  sometimes  alkaline  even  at  the  period  of  emission;  and 
the  large  amount  of  mucus  or  muco-pus.     In  the  first  stage  of  the 

dieioaso  tho  urine  is,  however,  rod,  poseoeses  all  the .  oharaoters  of  ge- 
nuine inflammatory  urine,  and  usually  contains  only  a  little  mucus. 

In  cystitis  acuta  the  urine  was  observed  by  Sch6nlein  to  be  of  a 
dark-red  colour,  and  frequently  to  contain  hsemato-globulin.  When 
the  inflammation  was  caused  by  vesical  calculi  the  urine  had  a  pale 
greenish  colour. 

In  a  case  of  inflammation  of  the  bladder,  which  was  brought  on  by 
the  use  of  stimulating  injections,  Becquerel  found  that  the  urine  at 
first  possessed  the  characters  of  the  inflammatory  type,  but  these  in 

Cart  disappeared  in  consec^uence  of  the  quantity  of  the  fluids  drunk 
y  the  patient;  it  was  acid,  of  average  specific  gravity,  and  deposited, 
after  some  time,  a  stratum  of  transparent  mucus. 

In  another  case  in  which  the  inflammation  had  been  brought  on  in 
a  similar  way,  the  urine  was  alkaline,  had  a  specific  gravity  of  1022*6, 
deposited  a  thick  layer  of  purulent  mucus,  contained  albumen  and 
some  fat  which  was  removable  by  ether,  and  exhibited  pus-corpuscles 
under  the  microscope. 

In  a  third  case  of  acute  cystitis,  which  speedily  came  to  a  fatal 
termination,  Becquerel  found  the  urine,  at  the  period  of  its  discharge, 
turbid,  thick,  and  viscid.  On  allowing  it  to  stand  for  some  time, 
there  was  formed  a  layer  which  occupied  nearly  the  lower  half  of 

1  Dublin  Jotunal,  Na  GO. 


li  iC'-V:  r.'.'; •-.'.* 'J 4  the  -.vr.'j  ^.«*^5=r;s  '/\  :\e  ::-:r:::rr«  c:  the  Li- 
fia.T. rr.i •  '^ r y  ty j/:.  ij^z'^^tr*::  : '-.-:: :  . t  t : . ; .  : :  a  r*  -  - . *r.  c : . C'-r-  c: 
*rtni{':  *'/:^.'.\':  2r«v!ty  'l^Ah-^j — 1C2K.  *_*.:  >.-et:3.e5  coiii'ririt 
a!6u  M4*:fi.  Am:;! ;;. e:. ;  o2*  »- r !  c  i ?1  i  'v  *  $  s  >. :- y  •  :1, r w  wr*  do '.vr.  either 
iponUfi^yj^i *. y  o r  hy  i ;. t  k i :. tl o r*  c :'  r.'.'.r'.z  n'.i:  c -.r! - g  cu - raI':5Cci ce 
it  r>:';arxi':  p«!';r  *:.'!  kss  der.y:.  ir,i  coj**!-  to  vleposlt  seiLcieiiw. 
Til*;  j«:-'.or;;.  /M  •.'.;,;''/:i  ar:c  jrr.par/.e5  rr.etr^f.s,  or  Lppears  towanis  ihc 
jAf.o'i  of  cor. vii ';•!■':/; r.cf:.  r-'j-i-Itrs  ih^  -.r!:.e  t-rb!!  and  c'.oudy. 

I;j  c:*ro;*i';  f;i';tf!li*,  a  fid  iii  ulcrlr.c  cor.s5e?::oa  ti.e  ur:r.e  is  c:uch 
llj';  fjj ';.':,  ^x'.' ;/.  Ir.^t.  r;.r;  ! r. f!  jrrirr. a t..ry  *!^r*5  aro  less  narked.  la 
lJi';y;  '>-j -,':•!.  r;i-y:f,i<i.i  V  i.'i  chror.ic  rr.'j'rltis.  il  I?  fre«;ue.i'Jv  mixed  ivi'di 
llic  ^';L'. Of :!*'/>! I  Lttn:.*:  dis'jl.arj^e. 

[In  a  cjV:  of  c:r*dorrjC*trI»:s'  ind  p'.-rio-irdlt!' with  p'jrulent  exudation 
occ  «i  ri  i  r.  ^  t  n  i  f  too  r  I  d  ay  »  a  ft  *;r  do  1  i  very ,  I  he  'j  r  i  :.c  was  passed  :  n  very 
hiXiall  'i'ja/.lity,  ovol  vod  a  disagreeable  odo'jr,  was  lurbld,  and  deposited 
a  iall)Or  copio'is  hodimont  The  sedlmeiit  consisted  for  the  most 
pait  of  j/JH,  mixed  with  a  few  blood-corpiiscks,  epithelium -scales, 
and  f'.ti'VCt'irUis. 

T\i<:  r:;jr:tiori  of  llic  urine  was  acid;  its  specific  gravity  1020.  It 
appeared  on  arL-ily^i.-f  tiiat  the  urea  wos  much  diminished^  that  there 
woro  orily  irnvj.H  of  uric  acid,  that  there  was  a  little  albumen,  no 
biIopI;;ni':nt;  and  .scarcely  any  trace  of  chlorides.  The  sulphates 
were  hlij;iilly,  and  the  earthy-phosphates  much  increased.] 

Crine  in  typhus, 

\Vr;  formerly  had  occasion  to  remark  that  less  was  known  of  the 
acliial  roiidition  of  the  blood  in  typhus  than  in  inflammatory  diseases; 
the  HaiTie  observation  is  equally  true  with  regard  to  the  urine.    Very 

'  IIi'lkr*d  Archi7,  vol.  ],  p.  23. 
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little  light  has  yet  been  thrown  upon  the  varying  nature  of  the  urine 
in  this  disease:  sometimes  we  find  it  of  a  brown  colour,  acid,  and  of 
high  specific  gravity,  in  fact,  like  inflammatory  urine:  sometimes  it 
is  clear  like  the  urine  after  copious  drinking;  on  other  occasions  it 
does  not  appear  to  difler  from  normal  urine:  it  varies  between  an 
acid,  an  alkaline,  and  a  neutral  reaction.  It  is  to  be  presumed  that 
these  changes  in  the  relative  constitution  of  the  urine  correspond 
witli  certain  reactions  in  the  organism;  the  connexion,  however,  is 
not  always  very  clear,  even  to  the  observant  physician.  This  much 
is,  however,  certain,  that  in  the  first  stage  of  the  disease  a  dark,  spe- 
cifically dense,  acid  urine  is  often  excreted,  and  that  in  proportion  as 
the  fever  assumes  a  torpid  character,  and  the  vital  powers  become 
depressed,  the  urine  becomes  clearer,  loses  its  acidity,  becomes  neu- 
tral, and  in  a  very  short  time  (often  after  one  to  two  hours)  alkaline, 
containing  carbonate  of  ammonia.  Sometimes  a  yellowish-brown,  tur- 
bid, fetid,  and  alkaline  urine  is  excreted. 

The  difierence  between  the  urine  in  typhus  and  in  inflammatory 
disorders  is  sufficiently  great  to  be  determined  with  certainty.  In 
the  phlogoses  when  the  fever  assumes  a  synochal  character,  we  ob- 
serve that  the  urine,  with  some  few  exceptions  (as  occasionally  in  cases 
of  injury  of  the  spinal  cord,  and  in  diseases  of  the  kidneys  and  blad- 
der,) is  of  a  red  colour,  acid,  usually  clear,  and  only  forms  sedi- 
ments of  a  yellow,  red,  or  brown  colour,  and  consisting  of  uric  acid 
and  the  urates,  on  the  occurrence  of  a  crisis;  the  quantity  of  the  urine 
is  diminished,  and  the  specific  gravity  increased;  the  urea  is  either 
absolutely  increased,  or  is  equal  to,  or  very  little  below  the  physio- 
logical average;  the  quantity  of  salts  is  in  general  diminished,  (the  sul- 
phates, however,  in  a  much  less  proportion  than  the  chlorides;)  and 
the  quantity  of  extractive  matter  increased. 

In  typhus  the  quantity  of  urine  is  decreased;  it  varies  extremely, 
in  colour  and  reaction;  the  red  tint  of  inflammatory  urine  is,  however, 
very  seldom  observed,  but  more  commonly  a  brown  or  reddish-brown 
colour;  the  more  the  fever  assumes  the  erethismic  character,  or  ap- 
proximates to  the  synochal  form,  in  consequence  of  being  complicated 
with  inflammation  of  the  respiratory  organs,  the  more  also  does  the 
urine  approximate  in  its  physical  characters  to  the  inflammatory 
type;  and  in  proportion  to  the  torpid  character  of  the  fever  and  to 
the  prolapsus  virium,  does  the  urine  become  less  dense  and  acid,  and 
the  more  readily  does  it  assume  the  alkaline  state. 

The  urine  may  resemble  the  normal  type  as  far  as  the  specific 
gravity  and  the  amount  of  solid  constituents  are  concerned;  it  is 
usually,  however,  less  dense,  and  it  frequently  happens  that  the 
deeply-coloured  urine  of  typhus  has  a  much  lower  specific  gravity 
than  we  should  have  been  led,  from  its  tint,  to  expect  The  amount 
of  urea  never  reaches  the  physiological  mean,  and  is  often  far  below 
it;  the  uric  acid,  on  the  other  hand,  is  often  increased,  especially  on 
the  occurrence  of  the  urinary  crisis.  The  salts,  including  the  sul- 
phates, are  very  much  diminished,  so  that  sometimes  hardly  a  trace 

41* 


478  THE  SSCRSTIONS. 

the  vessel,  and  consisted  of  almost  pure  and  while  pus:  the  fluid 
above  the  sediment  was.  pale,  clear,  and  alkaline. 

As  the  disease  terminates  in  convalescence  copious  sediments  are 
deposited,  or,  if  a  sediment  had  been  formed  during  the  height  of 
the  disease,  it  is  now  more  abundant 

In  arthritic  cases  the  sediment  is,  according  to  Schonlein,  of  a 
crystalline  micaceous  appearance;  in  non-arthritic  cases  (and  in  the 
latter  stage,  in  arthritic  cases  also,)  very  bulky  mucous  sediments 
occur,  which  are  often  tough  and  fibrous,  from  the  action  of  carbo- 
nate of  ammonia.  Sediments  of  this  latter  form  frequently  con- 
tinue for  a  long  time,  so  as  to  constitute  genuine  catarrhus  vesicae. 
Schonlein  states,  that  in  cystitis  erysipelacea  the  urine  is  of  a  dark 
reddish-brown  colour,  mixed  with  fibrous,  flocculent,  or  bran-like 
mucus. 

Metritis. 

In  acute  metritis  the  urine  possesses  all  the  characters  of  the  in- 
flammatory type.  Becquerel  found  it  acid,  of  a  reddish  colour,  of 
average  specific  gravity  (1018-0 — 1021 -O,)  and  sometimes  containing 
albumen.  A  sediment  of  uric  acid  was  always  thrown  down  either 
spontaneously  or  by  the  addition  of  nitric  acid :  during  convalescence 
it  became  paler  and  less  dense,  and  ceased  to  deposit  sediments. 
The  leucorrhoca  which  accompanies  metritis,  or  appears  towards  the 
period  of  convalescence,  renders  the  urine  turbid  and  cloudy. 

In  chronic  metritis,  and  in  uterine  congestion  the  urine  is  much 
the  same,  except  that  the  inflammatory  signs  are  less  marked.  In 
these  cases,  especially  in  chronic  metritis,  it  is  frequently  mixed  with 
the  [cucorrhocal  uterine  discharge.         i 

[In  a  case  of  endometritis^  and  pericarditis  with  purulent  exudation 
occurring  thirteen  days  after  delivery,  the  urine  was  passed  in  very 
small  quantity,  evolved  a  disagreeable  odour,  was  turbid,  and  deposited 
a  rather  copious  sediment  The  sediment  consisted  for  the  most 
part  of  pus,  mixed  with  a  few  blood-corpuscles,  epithelium-scales, 
and  fat-vesicles. 

The  reaction  of  the  urine  was  acid;  its  specific  gravity  1020.  It 
appeared  on  analysis  that  the  urea  was  much  diminished,  that  there 
were  only  traces  of  uric  acid,  that  there  was  a  little  albumen,  no 
bile-pigment;  and  scarcely  any  trace  of  chlorides.  The  sulphates 
were  slightly,  and  the  earthy-phosphates  much  Increased.] 

Urine  in  typhus. 

We  formerly  had  occasion  to  remark  that  less  was  known  of  the 
actual  condition  of  the  blood  in  typhus  than  in  inflammatory  diseases; 
the  same  observation  is  equally  true  with  regard  to  the  urine.    Very 

1  HeUcr^a  Aichiv,  vol  1,  p.  23. 
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little  light  has  yet  been  thrown  upon  the  varying  nature  of  the  urine 
in  this  disease:  sometimes  we  find  it  of  a  brown  colour^  acid,  and  of 
high  specific  gravity,  in  fact,  like  inflammatory  urine:  sometimes  it 
is  clear  like  the  urine  after  copious  drinking;  on  other  occasions  it 
does  not  appear  to  difler  from  normal  urine:  it  varies  between  an 
acid,  an  alkaline,  and  a  neutral  reaction.  It  is  to  be  presumed  that 
these  changes  in  the  relative  constitution  of  the  urine  correspond 
with  certain  reactions  in  the  organism;  the  connexion,  however,  is 
not  always  very  clear,  even  to  the  observant  physician.  This  much 
is,  however,  certain,  that  in  the  first  stage  of  the  disease  a  dark,  spe- 
cifically dense,  acid  urine  is  often  excreted,  and  that  in  proportion  as 
the  fever  assumes  a  torpid  character,  and  the  vital  powers  become 
depressed,  the  urine  becomes  clearer,  loses  its  acidity,  becomes  neu- 
tral, and  in  a  very  short  time  (often  after  one  to  two  hours)  alkaline, 
containing  carbonate  of  ammonia.  Sometimes  a  yellowish-brown,  tur- 
bid, fetid,  and  alkaline  urine  is  excreted. 

The  difference  between  the  urine  in  typhus  and  in  inflammatory 
disorders  is  sufficiently  great  to  be  determined  with  certainty.  In 
the  phlogoses  when  the  fever  assumes  a  synochal  character,  we  ob- 
serve that  the  urine,  with  some  few  exceptions  (as  occasionally  in  cases 
of  injury  of  the  spinal  cord,  and  in  diseases  of  the  kidneys  and  blad- 
der,) is  of  a  red  colour,  acid,  usually  clear,  and  only  forms  sedi- 
ments of  a  yellow,  red,  or  brown  colour,  and  consisting  of  uric  acid 
and  the  ui*ates,  on  the  occurrence  of  a  crisis;  the  quantity  of  the  urine 
is  diminished,  and  the  specific  gravity  increased;  the  urea  is  either 
absolutely  increased,  or  is  equal  to,  or  very  little  below  the  physio- 
logical average;  the  quantity  of  salts  is  in  general  diminished,  (the  sul- 
phates, however,  in  a  much  less  proportion  than  the  chlorides;)  and 
the  quantity  of  extractive  matter  increased. 

In  typhus  the  quantity  of  urine  is  decreased;  it  varies  extremely, 
in  colour  and  reaction;  the  red  tint  of  inflammatory  urine  is,  however, 
very  seldom  observed,  but  more  commonly  a  brown  or  reddish-brown 
colour;  the  more  the  fever  assumes  the  erethismic  character,  or  ap- 
proximates to  the  synochal  form,  in  consequence  of  being  complicated 
with  inflammation  of  the  respiratory  organs,  the  more  also  does  the 
urine  approximate  in  its  physical  characters  to  the  inflammatory 
type;  and  in  proportion  to  the  torpid  character  of  the  fever  and  to 
the  prolapsus  virium,  does  the  urine  become  less  dense  and  acid,  and 
the  more  readily  does  it  assume  the  alkaline  state. 

The  urine  may  resemble  the  normal  type  as  far  as  the  specific 
gravity  and  the  amount  of  solid  constituents  arc  concerned;  it  is 
usually,  however,  less  dense,  and  it  frequently  happens  that  the 
deeply-coloured  urine  of  typhus  has  a  much  lower  specific  gravity 
than  we  should  have  been  led,  from  its  tint,  to  expect  The  amount 
of  urea  never  reaches  the  physiological  mean,  and  is  often  far  below 
it;  the  uric  acid,  on  the  other  hand,  is  often  increased,  especially  on 
the  occurrence  of  the  urinary  crisis.  The  salts,  including  the  sul- 
phates, are  very  much  diminished,  so  that  sometimes  hardly  a  trace 
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of  them  can  be  detected.  We  have  seen  that  in  the  phlogoses  the  urea 
ordinarily  attains  the  physiological  average  of  39^  of  the  solid  residue, 
and  that  it  sometimes  even  exceeds  it;  while  in  the  urine  of  typhus  I 
found  that  the  maximum  proportion  of  urea  amounted  to  only  dl'SJ, 
the  minimum  to  22g.  and  the  mean  of  7  analyses  to  26*6g  of  the  solid 
residue.  Hence  it  would  appear  that  this  decided  decrease  of  the  urea 
below  the  physiological  average  is  a  characteristic  peculiarity  of  the 
urine  in  typhus.  1  found  the  maximum  proportion  of  uric  acid  amount 
to  4-8  Jy  and  the  minimum  to  0'9g  of  the  solid  residue;  and  with  re- 
spect to  the  fixed  salts,  the  maximum  was  13^,  and  the  minimum  3-4g 
of  the  solid  residue. 

With  regard  to  the  state  of  the  urine  in  typhus,  and  especially  in 
abdominal  typhus,  Schonlein  observes  that  it  is  altogether  inconstant, 
that  it  is  sometimes  pale,  sometimes  apparently  normal,  and  some- 
times jumentous.  In  the  first  stage  it  is  usually  of  a  dark  brownish- 
red  colour,  tolerably  clear  in  the  sthenic  form  of  fever,  but  darker  in 
the  erethismic  and  very  torpid  forms. 

A  turbidity  in  the  urine,  together  with  other  symptoms  of  a  crisis, 
frequently  indicates  the  transition  into  the  second  stage. 

In  this  nervous  stage  of  the  disease  the  urine  is- of  a  dark  brown 
colour,  and  very  acid.  A  perturbation  is  observed  in  tho  urine  on 
the  seventeenth  day,  (occasionally  it  occurs  on  the  eleventh  or  twelfth 
day,)  and  at  the  period  of  the  actual  crisis,  (the  fourteenth  or  twenty- 
first  day,)  the  urine  becomes  clearer  and  more  abundant;  sediments 
also  occur,  not  of  a  crystalline  form,  as  in  the  phlogoses,  but  of  a  dif- 
fuse, flocculent,  mucous  nature:  the  urine  sometimes  becomes  as  clear 
as  the  urina  spastica. 

If  the  typhus  disappears  prematurely  on  the  fourth  or  seventh  day, 
we  frequently  observe,  in  addition  to  other  acute  critical  symptoms, 
a  discharge  of  turbid,  and  often  purulent  urine.  In  the  form  to 
which  the  term  ^febris  nervosa  putrida'  has  been  applied,  wh6n  the 
decomposition  of  the  blood  is  particularly  striking,  we  meet  with 
blood  in  the  urine,  which  becomes  very  quickly  decomposed,  and  is 
of  a  dark  brown  or  blackish  colour.  Convalescence  after  typhus  can 
never  be  considered  as  safely  established  until  the  urine  becomes 
perfectly  yellow  and  pale.  As  long  as  it  remains  of  a  dark  brown, 
or  even  high  colour,  there  is  still  danger.  The  more  brown,  decom- 
posed, and  fetid  the  urine  is  during  the  course  of  the  typhus  fever, 
the  more  unfavourable  is  the  prognosis. 

In  petechial  typhus  during  the  first  stage,  the  urine  is  not  very 
highly  coloured;  on  the  seventh  day  there  is  frequently  turbidity; 
during  the  nervous  stage  the  urine  is  of  a  dark  brown  colour;  and  at 
the  period  of  the  crisis,  sediments  are  also  deposited. 

Willis'  remarks,  that  the  state  of  the  urine  in  typhoid  fevers, 
especially  in  regard  to  .its  acid  or  alkaline  reaction,  may  be  studied 
with  advantage,  as  afibrding  an  indication  of  the  progress  of  the  dis- 
ease.    During  the  early  stage  it  is  acid;  as  the  disease  advances  it 

*  Urinazy  Dueases  and  their  Treatment,  p.  ]28. 
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becomes  neutral,  and  then  alkaline;  as  the  disease  decreases  it  again 
becomes  neutral,  and  ultimately  acid.  The  return  to  the  acid  state 
is  always  a  good  symptom,  and  will  sometimes  enable  us  to  offer  a 
favourable  prognosis. 

The  observations  made  by  Pclletan  in  Bouillaud's  clinique,  perfectly 
coincide  with  the  above  statements;  he  observes  that,  during  the  first 
days  of  typhus,  the  urine  is  of  a  dirty  yellow  colour,  and  trans- 
parent: during  the  whole  of  the  first  stage  it  is  always  more  or 
less  acid,  and  the  darkest  kind,  which  has  an  odour  like  gingerbread, 
is  usually  the  most  acid.  At  a  later  period  it  changes,  resembles 
turbid  whey  or  putrid  broth,  and  is  usually  neutral;  it  is  also  some- 
times found  of  a  dark  colour,  with  an  odour  like  cow-dung.  At  a 
still  later  period,  it  is  turbid,  putrid,  and  smells  rather  ammoniacal, 
assuming  at  the  same  time  a  corresponding  reaction.  If  the  disease 
takes  a  favourable  turn  from  this  period,  the  urine  goes  through  the 
same  changes  in  a  reversed  order. 

The  observations  which  I  have  made  in  Schonlein's  clinical  ward 
correspond  entirely  with  those  already  communicated. 

In  two  men  aged  between  20  and  30  years,  who  had  very  severe 
attacks,  I  observed  that  the  urine  became  alkaline  towards  the  seven- 
teenth and  twenty-fourth  days  of  the  disease:  it  was  then  discharged 
in  greater  quantity  than  before,  and  was  clearer;  it  was  palo,  some- 
what turbid,  and  soon  deposited  a  dirty  or  a  bright-red  sediment 
composed  of  earthy  phosphates,  urate  of  ammonia,  and  mucus.  Test- 
paper  and  a  rod  moistened  in  hydrochloric  acid,  afforded  indications 
of  ammonia,  and  by  the  addition  of  an  acid  the  presence  of  carbonic 
acid,  but  not  of  albumen,  was  demonstrated.  Both  men  recovered, 
but  convalescence,  especially  in  one  of  them,  was  very  slow.  The 
urine  then  became  gradually  clear,  yellow,  and  acid,  as  before:  the 
period  during  which,  in  one  of  these  cases,  the  urine  continued  unin- 
terruptedly alkaline,  was  above  eight  days. 

In  another  case,  in  which  I  followed  the  variations  of  the  urine 
through  the  course  of  the  disease,  it  became  alkaline  at  noon  on  the 
third  seventh-day  period,  but  the  next  day  it  again  became  acid,  and 
remained  so  till  death,  which  soon  occurred. 

[Schonlein's  opinion  that  the  urine  in  the  regular  course  of  typhus 
is  at  first  dark  and  very  acid,  subsequently  neutral  and  even  alkaline, 
and  finally  again  becomes  acid  at  the  commencement  of  convales- 
cence, has  received  further  confirmation  from  the  following  observa- 
tions quoted  by  Simon  in  his  <  Bcitrage.' 

In  one  case  the  urine  became  faintly  alkaline  on  the  seventh  day 
after  admission;  it  remained  either  alkaline  or  neutral  for  seven  or 
eight  days;  and  then  became  faintly  acid  and  gradually  clearer,  as 
80on  as  the  patient  exhibited  symptoms  of  convalescence. 

In  a  second  (very  severe)  case  the  urine  remained  acid  till  the 
twenty-first  day;  it  then  became  neutral, and  afterwards  alkaline,  for 
the  space  of  ten  or  eleven  days,  when  it  returned  to  its  normal  reaction. 

In  two  other  cases  the  urine  became  alkaline  previously  to  the 
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fourteenth  day  of  the  disease;  in  one  of  them  the  secretion  was  so 
thoroughly  saturated  with  carbonate  of  ammonia,  and  evolved  so  dis- 
gusting an  odour  as  to  be  j)crceptible  over  the  whole  ward.  This 
urine  deposited  a  considerable  sediment  of  pus  or  mucus,  mixed  with 
the  phosphates  of  lime  and  magnesia,  and  effervesced  briskly  on  the 
addition  of  an  acid.  In  one  of  these  cases  the  urine  remained  alka- 
line for  fourteen,  and  in  the  other,  for  twenty-one  days,  before  it  re- 
sumed its  acid  reaction.     Both  cases  recovered. 

It  is  worthy  of  notice,  that  a  deposition  of  urate  of  ammonia  not 
unfrequently  precedes  the  occurrence  of  alkalinity  and  the  appear- 
ance of  the  earthy  phosphates,  which,  as  Schimlein  remarks,  may  be 
regarded  as  the  precursors  of  a  favourable  change. 

During  the  mild  form  of  typhus  recently  (1843)  prevalent  in 
Berlin,  he  noticed  these  changes  in  several  cases,  and  in  fact,  when 
from  being  alkaline  the  urine  again  became  acid,  and  at  the  same 
time  clear  and  abundant,  there  was  scarcely  any  risk  in  giving  a 
favourable  prognosis.] 

In  some  cases  in  which  the  patients  recovered,  the  dark  urine  did 
not  become  alkaline  quickly  enough  to  be  perceived  during  the  hos-' 
pital'Visit,  but  by  the  evening  it  would  deposit  a  considerable  dirty 
viscid  sediment  composed  of  earthy  phosphates  and  mucus,  and 
would  have  a  well-marked  alkaline  reaction:  subsequently  it  retained 
its  acidity  for  a  longer  period,  until  at  length  it  resumed  its  normal 
condition.  On  the  other  hand,  I  observed  one  case  in  which  the 
urine  was  dark,  had  an  acid  reaction,  and  only  became  slightly  alka- 
line for  a  short  time  before  death;  it  continued  throughout  of  this 
dark  colour,  was  turbid,  and  threw  down  a  mucous  sediment  In 
another  case  the  urine,  which  was  of  a  dark,  muddy  colour,  remained 
acid  till  death. 

Lastly,  I  will  refer  to  two  cases  of  typhus  in  girls,  where  the  urine 
continued  of  a  dark  colour,  and  exhibited  an  acid  reaction,  through- 
out the  course  of  the  disease,  which  lasted  from  three  to  four  weeks. 
During  convalescence  it  became  turbid,  and  deposited  an  imperfect 
sediment:  although  it  did  not  entirely  lose  its  acid  reaction,  it  now 
became  sooner  ammoniacal  than  before. 

In  a  child  the  urine  was  clear  and  almost  amber-coloured;  it  be- 
came, however,  quickly  alkaline,  and  deposited  a  viscid,  white  sedi- 
ment of  earthy  phosphates.  Dark  acid  urine  I  have  frequently  found 
to  be  slightly  albuminous.  From  these  observations,  as  well  as  from 
those  of  Willis,  Pelletan,  and  others,  we  arrive  at  the  conclusion  that 
in  a  regular  and  favourable  case  of  typhus  the  urine  loses  its  acid  and 
assumes  an  alkaline  reaction;  that  it  then  again  becomes  gradually 
acid,  although  not  perhaps  in  the  exact  reverse  proportion,  and  that 
it  does  not  necessarily  rcassume  the  dirty-brown  colour  which  it 
possessed  during  the  first  period:  consequently  the  transition  of  the 
urine  in  typhus  from  the  acid  to  the  alkaline  condition  need  not  be 
so  much  dreaded  as  has  been  generally  supposed. 

I  cannot  positively  assert  that  the  urine  in  typhus  is  alkaline  at 
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the  moment  of  its  emission  from  the  bladder.  Becquerel  expresses 
himself  opposed  to  the  idea;  he  considers  that  alkaline  urine  is  only 
passed  in  those  cases  in  which  it  has  remained  for  a  very  long  time 
in  the  bladder.  I  shall  now  eive  the  facts  which  he  has  collected 
regarding  the  urine  in  typhoid  fever.  He  observed  the  urine  in 
thirty-eight  cases  of  abdominal  typhus,  eleven  of  which  were  very 
severe,  eighteen  of  ordinary  intensity,  and  nine  were  mild  cases. 
Purgatives,  especially  Seidlitz  waters,  formed  the  basis  of  the  general 
treatment.  Seven  Qf  the  eleven  severe  cases  recovered;  two,  how- 
ever, subsequently  died  from  tubercular  phthisis.  Of  the  four  fatal 
cases,  one  died  on  the  eighth  day,  the  second  at  a  more  advanced 
period,  the  third  on  the  fifty-third  day,  and  the  fourth  from  perfora- 
tion of  the  intestines. 

In  all  these  cases  Becquerel  found  the  urine  to  deviate  conside- 
rably from  the  normal  type.  While  the  fever  was  intense,  and  be- 
fore the  adynamic  period  was  established,  the  urine  was  scanty, 
highly  coloured,  dense,  and  charged  with  uric  acid;  it  sometimes 
contained  blood,  albumen,  or  mucus  in  considerable  quantity,  but 
seldom  pus.  In  many  cases,  it  exhibited  a  more  marked  tendency 
to  decomposition  than  is  observed  in  other  diseases,  and  the  rapidity 
and  facility  of  this  spontaneous  decomposition  usually  corresponded 
with  the  severity  of  the  disease.  But  when,  in  the  progress  of  the 
disease,  the  adynamic  period  comes  on,  the  quantity  of  the  urine 
will  be  diminished  in  consequence  of  the  intensity  of  the  fever,  the 
eolour  will  be  high,  but  the  specific  gravity  low,  and  at  the  same  time 
there  will  be  frequent  deposits  of  uric  acid  either  spontaneous  or 
after  the  addition  of  an  acid,  or  else  tho  urlno  will  assume  the  anae- 
mic type  and  be  pale,  of  low  specific  gravity,  and  only  slightly  acid. 
The  urine  of  this  latter  form  differs  widely  from  that  which  was 
passed  at  an  earlier  period  of  the  disease,  and  is  diagnostic  of  the 
asthenic  state  and  of  its  degree  of  intensity.  But  exceptions  to  this 
general  rule  have  been  observed  both  by  Becquerel  and  myself;  on 
the  one  hand,  the  urine  has  been  slightly  coloured,  clear,  and  of  lo^ 
specific  gravity  in  cases  of  typhoid  lever  in  which  the  patients  were 
far  removed  from  the  asthenic  state,  and  on  the  other  hand  the  latter 
state  (the  asthenic)  is  not  incompatible  with  turbid,  sedimentary 
urine. 

We  must  not  overlook  the  circumstance  of  the  urine  having  pos- 
sibly remained  for  a  long  time  in  the  bladder,  in  which  case  it  may 
undergo  decomposition  there,  and  by  its  irritative  action  on  the 
vesical  mucous  membrane  produce  an  excessive  secretion  of  mucus  or 
even  pus. 

Becquerel  found  that  the  density  of  the  urine,  except  in  those 
cases  in  which  there  was  great  prostration  of  strength,  was  above 
that  of  normal  urine,  and  amounted  on  an  average  to  1023*5.  This, 
as  I  have  already  observed,  is  opposed  to  my  own  observations. 
The  mean  specific  gravity  of  tho  urine  which  threw  down  a  sponta- 
neous sediment  was^  according  to  Becquerel^  1024*7.     The  colour  of 
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the  urine  increased  with  the  concentration.  The  colour  of  the  spon* 
taneous  sediments  in  some  cases  resembled  the  brick-dust  tint  of  the 
sedimentum  lalericium;  the  precipitates  thrown  down  by  acids  were 
usually  of  a  yellowish  or  gray  colour. 

In  the  thirty-eight  cases  of  typhus  observed  by  Becquerel,  pus  oc- 
curred in  the  urine  of  only  one  individual,  and  in  this  case  the  secre- 
tion was  alkaline;  in  all  the  others  it  was  acid.  In  a  very  extensive 
series  of  observations  made  by  Andral  the  urine  was  found  to  have 
an  acid  reaction,  except  in  the  following  cases,  viz.  when  pus  was 
present,  when  the  urine  had  remained  for  a  long  time  in  the  bladder, 
when  the  patient  had  taken  a  great  quantity  of  alkaline  fluids,  or, 
lastly,  when  the  secretion  was  not  examined  for  some  hours  after  its 
discharge. 

The  precipitate  which  Becquerel  observed  in  the  urine  of  typhus, 
whether  thrown  down  spontaneously  or  afler  the  addition  of  an  acid, 
consisted  of  amorphous  or  crystalline  uric  acid;  the  latter  was  only 
seen  twice,  once  after  the  addition  of  a  little  nitric  acid,  and  in  the 
other  instance  forming  a  portion  of  a  spontaneous  sediment.  These 
spontaneous  deposits  were  usually  of  a  gray  or  reddish  colour. 

The  important  questions,  whether  urinary  sediments  in  typhus 
occur  at  any  fixed  epochs  of  the  disease? — whether  there  is  any  con- 
nexion between  their  appearance  and  a  favourable  result? — and 
whether  their  presence  is  prognostic  of  such  a  result] — are  answered 
by  Becquerel  in  the  negative. 

From  a  table  communicated  by  Becquerel  it  appears  that  some 
persons  died  in  whom  the  urine  deposited  a  sediment  either  sponta- 
neously or  on  the  addition  of  an  acid,  almost  uninterruptedly  from 
the  fifth  or  seventh  day;  while  others,  under  similar  circumstances, 
recovered:  in  a  case,  in  which  the  urine  threw  down  a  sediment 
spontaneously  on  the  third  day  of  the  fever,  and  after  the  addition  of 
an  acid  on  the  eleventh,  twelfth,  and  thirteenth  days,  death  occurred 
on  the  fifteenth  day;  in  other  cases,  in  which  sediments  appeared  at 
intervals,  convalescence  took  place.  Out  of  twenty-seven  observa- 
tions, a  sediment  first  occurred  in  one  case  on  the  third  day  of  the 
disease  (death;)  in  one  case  on  the  fifth  day  (death;)  in  one  on  the 
sixth  (recovery;)  in  three  on  the  seventh  (two  deaths,  one  recovery;) 
in  one  on  the  eighth  (recovery;)  in  four  on  the  ninth  (recovery;)  in 
five  on  the  tenth  (recovery;)  in  four  on  the  eleventh  (recovery;)  in 
three  on  the  twelfth  (recovery:  in  four  cases  the  sediment  first  ap- 
peared after  the  twelfth  day  (recovery.) 

Amongst  Becquerel's  thirty-eight  cases,  he  only  found  blood  in 
the  urine  in  two  cases:  in  one  the  patient  was  dangerously  ill,  and  a 
small  quantity  of  blood  was  found  in  the  urine  every  morning;  in 
the  other,  the  patient  was  recovering  from  fever  when,  he  was  at- 
tacked with  small-pox.  Albumen  was  found  in  eight  cases,  in  which 
neither  pus  nor  blood  was  present  Of  these  eight  cases,  four  had 
the  fever  very  severely,  three  moderately,  and  one  slightly.  Of  the 
severe  cases,  two  terminated  in  death;  in  one  of  these  albumen  was 
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only  found  during  the  last  eight  days;  in  the  other  it  occurred  first 
on  the  twenty-fourth  or  twenty-fifth  day,  and  subsequently  from  the 
thirty-first  to  the  thirty-eighth  day,  when  death  took  place.  In  the 
other  cases  the  albumen  only  appeared  at  intervals. 

Andral  examined  the  urine  in  forty-one  cases  of  abdominal  typhus, 
of  which  seven  died.  They  were  all  treated  by  copious  blood-let- 
ting. In  eleven  out  of  the  thirty-four  who  recovered  the  urine  did 
not  differ  in  appearance  from  the  normal  type,  and  nitric  acid  threw 
down  no  precipitate.  In  the  other  twenty-three  cases,  the  urine  was 
generally  deeply  coloured,  (of  a  reddish  tinge,)  and  became  turbid 
either  spontaneously  or  after  the  addition  of  nitric  acid.  In  some 
cases  it  remained  turbid  throughout  the  whole  course  of  the  disease; 
in  others  it  presented  no  turbidity  at  first,  even  after  the  addition  of 
nitric  acid;  but  as  the  febrile  symptoms  attained  their  greatest  height, 
it  became  clouded,  and  as  they  disappeared,  it  gradually  regained  its 
original  appearance.  In  other  cases  the  appearances  of  the  urine  pos- 
Kssed  no  regularity,  and  it  was  clear  and  turbid  or  sedimentary  by 
turns. 

The  urine  during  the  convalescence  of  the  thirty-four  cases,  was 
usually  pale-  and  transparent;  but  in  some  it  remained  turbid  or 
sedimentary  for  a  considerable  time  after  the  termination  of  the  fever. 
Albumen  was  only  observed  in  one  instance. 

In  these  thirty-four  cases  the  urine  was  acid  during  the  whole 
course  of  the  disease,  and  remained  so  during  convalescence,  except 
in  two  cases,  in  which  it  was  invariably  strongly  alkaline,  light, 
watery,  pale,  and  transparent;  the  persons  from  whom  the  urine,  in 
these  cases,  was  derived,  were  very  weak,  and  in  a  state  of  well- 
marked  anaemia,  having  had  the  fever  very  severely,  and  having 
been  repeatedly  bled.  The  urine  in  these  cases  did  not  appear  to 
have  been  retained  in  the  bladder  longer  than  usual.  After  several 
days,  it  became  neutral;  it  then  became  gradually  more  deeply 
coloured,  and  ultimately  regained  its  acid  reaction. 

With  respect  to  the  seven  fatal  cases,  the  urine  in  one  retained  its 
normal  appearance;  in  four  it  assumed  from  the  commencement  till 
death  a  deep  colour,  and  became  turbid  from  an  excess  of  uric  acid 
which  deposited  itself;  and  in  all  the  seven  was  invariably  acid. 

I  shall  now  communicate  the  results  of  my  own  analyses  of  the 
urine  in  typhus,  which  enter  more  into  minutiae. 

I  have  made  several  analyses  of  the  urine  in  abdominal  typhus, 
but  have  only  determined  with  accuracy  the  most  important  of  the 
constituents. 

The  urine  in  analysis  108  was  taken  from  a  man  aged  30  years, 
who  had  been  dangerously  ill  for  three  weeks;  delirium,  subsultus 
tendinum,  pulse  frequent  and  small;  the  urine  was  moderately  dark, 
turbid  without  a  sediment,  and  strongly  acid.  He  died  two  days 
afterwards.  It  is  worthy  of  remark  that  the  urine  had  on  one  occa- 
sion, about  eight  days  before  death,  an  alkaline  reaction;  it  returned 
to  its  acid  condition  the  following  day.    Analysis  109  represents  the 
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urine  of  a  typhus  patient,  who  was  lying  in*  a  state  of  deep  coma;  ft 
was  pale,  and  had  an  acid  reaction.  Analysis  110  repraaenti  tho 
urine  of  the  same  patient  three  days  afterwards^  when  ne  was  in  a 
state  of  great  general  debility ;  it  was  pale,  transparenti  and  slig|litly 
acid,  but  after  some  time  became  alkaline^  and  deposited  a  sediment 
of  earthy  phosphates.  The  patient  subsequently  recovered  after  a 
tedious  convalescence.  Analysis  111  represents  the  urine  of  a 
typhus  patient  on  the  eighteenth  day  of  the  disease;  it  was  daik| 
tolerably  clear,  threw  down  no  sediment,  and  had  an  acid  reaetion. 
The  urine  in  analysis  112  belonged  to  a  person  who  had  biMm  sot 
fering  from  typhus  for  some  weeks;  delirium,  subsultus  tendinum, 
stupor,  rapid  and  very  small  pulse;  it  was  brown,  turbid,  of  an  on* 
pleasant  odour  (like  the  urine  of  horses,)  slightly  alkaline,  and 
deposited  in  a  short  time  a  very  copious,  flocculent,  reddish  aediment 
of  urate  of  ammonia.  Analysis  113  represents  the  urine  of  a  gU 
suffering  severely  from  typhus,  who  lay  in  a  state  of  great  proatn)* 
tion  and  coma,  and  afterwards  died;  it  was  of  a  dark-brown  coIouti 
slightly  alkaline,  rather  turbid,  and  without  a  sediment;  a  deposit  of 
earthy  phosphates  was,  however,  subseauently  formed.  Analysis 
1 14  represents  the  urine  of  a  eirl  who  had  bad  typhus  for  four  weeks: 
coma,  subsultus  tendinum,  pulse  120  and  small.  It  was  rasher  darkp 
was  turbid,  and  had  an  alkaline  reaction  and  ammoniacal  odour.  .  The 
urine  in  analysis  115  was  taken  from  the  same  girl  two  days  after- 
wards: her  general  condition  much  as  before,  pulse  112,  urine 
neutral,  of  a  yellowish-brown  colour  and  rather  turbid.  Analysis 
116  represents  the  urine  of  a  girl  aged  20  years,  in  whom  the  fever 
was  less  severe  than  in  the  previous  case:  there  were  symptoms  of 
bronchitis,  pulse  as  high  as  108,  urine  of  a  yellowish-brown  colour, 
and  slightly  acid.  The  urine  in  analysis  117  was  passed  by  a  man 
aged  30  years,  who  had  been  ill  fourteen  days.  Coma;  puLw  108, 
and  small. 
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Anal.  113. 

Anal.  114. 

Anal.  115. 
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Specific  gravity 

lOI&OO 
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1013*50 

lOlfrOO 
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956-80 

941-50 

930O0 

Solid  constitaentB 

41-60 

47-30 

43-20 

68-50 

70<K) 
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9-30 

13-20 

12^ 

10-60 

SMO 

Uric  add  - 

0-40 

1-60 

2-10 

0-92 

147 

Earthy  phoapbates 

— 

— . 

trace 

— 

0-90 

Sulphate  of  potash 
Sum  of  fixed  salts 

^~ 

-"" 

0-64 
2-76 

MO 

sfia 

If  we  calculate  the  ratios  of  these  constituents  to  100  parts  of  solid 
residue^  and  compare  them  with  the  average  ratios  in  normal  urine^ 
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all  arrive  at  the  results  noticed  in  page  480,  viz.  that  in  the 
n  typhus  the  urea  falls  below  the  physiological  average^  the 
id  is  increased,  and  the  fixed  salts  are  much  diminished. 

100  parti  of  the  solid 
rnidue  of  normal 
urine  OQOtam 


100  parts  of  the  solid  readue  of  the  tuine  in  tjrphus, 
there  are  contained: 
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108.  109.  110.  113.  113.  114.  115.  110.  117. 

23«  250  96^  22*6  220  28-7  31*2  SI'S  32-3 

\^7  2'1  1-6  3-2  CO  3*2  4-8  1-6  2-1 

60  3.4  40  IM  —  —  6-3  4-6  4-1 


39-0 
1-5 

25^ 

lerer^  has  made  several  analyses  of  the  urine  in  typhus,  which 
in  some  points  from  those  of  Simon.  He  observes  that,  in 
;ases,  the  urine  is  tolerably  abundant  in  lactic  acid  and  ex- 
e  matters,  and  continues  so  throughout  the  case,  whether  it 
ate  fatally  or  not.  In  a  few  cases  the  urine  was  alkaline,  and 
nerally  occurred  when  the  fever  assumed  a  very  low  or  putrid 
)r  when  the  contents  of  the  bladder  had  not  been  discharged 
ie  time;  and  that  not  unfrequently,  afler  being  acid,  it  became 
e,  and  then  again  acid.  In  the  most  severe  cases  it  usually  con- 
a  little  albumen. 

urea  was  never  increased  except  in  those  cases  in  which  the 
3n  was  much  diminished,  and  was  often  much  below  the 
1  standard.  As  a  general  rule,  the  fixed  salts  were  considera- 
iminished,  and  the  ammonia-salts  increased.  There  was 
an  excess  of  uric  acid,  which  usually  separated,  afler  standing, 
form  of  small  red  crystals,  on  the  sides  of  the  vessel;  this  was 
illy  observed  when  there  was  much  pulmonary  congestion, 
tical  phenomena  indicated  the  commencement  of  reconvales- 

Schcrcr  has  published  the  following  analyses: 
L  woman  aged  38  years,  with  slow  nervous  fever, 
ninth  day  contained,  in  1000  parts: — 

Water            -            -            -           -           -  945'48 

Solid  constituents        ....  54*52 

Urea 8O0 

Uric  acid    -----  0*60 

Alcohd-extTact  with  lactic  add  and  lactates  27*50 

Water-extract          -           -           .           -  7^0 

Albumen     ....           -  1*80 

Fixed  salts  soluble  in  water              -           -  G*20 

Earthy  phosphates  -           -           -           .  2*30 

;he  12th  day  of  the  disease  it  contained: 

Water 951*26 

Solid  constituents       ....  48*74 

Urea           .....  10-40 

Uric  acid    -            ...           -  0*70 

Alcohol-extract  with  lactic  add  and  lactates  21*80 

Water-extract  with  ammoniaHndts    -           -  7*90 

Albumen     -            ...            -  lOO 

Fixed  salts  soluble  in  water             •            -  5*30 

Earthy  phosphates  -           -            -           .  1*20 

1  l^tenochungen,  &c.  p.  65. 
42 


The  urine 
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On  the  15th  day  it  contained: 

Water d59^ 

Solid  oowtitiients       ....  4071 

UiM 11-40 

Uric  acid 0^ 

Akohol-extnct  with  bctic  acid  and  lactates  15-70 

Water-extract         ....  &20 

AlbmiMi  and  smeiM           ...  0^ 

Fixed  aalta  aoluble  in  wiler  4*50 

£aitii  J  phoqphatea  ....  O'OO 

Convalescence  occurred  very  slowly,  without  any  critical  pheDome- 
na.  The  urea  gradually  increased  and  the  extractive  matters  dimi- 
nished. 

2.  A  man  aged  66  years,  of  a  muscular  frame  and  good  constitution, 
but  of  intemperate  habits.  The  disease  developed  itself  with  great 
rapidity.     The  urine  contained : 

On  Um  4th  day.  On  the  6th  day. 

Water              ....        931^30  934^ 

Solid  oonatitiimtB         •           -           .         6070  6&40 

Urea            ....         astm  34^ 

Uric  acid      -           •           -           -            170  1-G2 

Alcohol-extTactwidi  lactic  add  and  lactates    2073  20^ 

Water«xtract           ...           7«20  861 

Fixed  aalta  soluble  m  water   -           -           4-02  — 

£arthy  fho^ihateB    ...           0*72  1*02 

3.  In  a  case  of  typhoid  fever  of  a  very  putrid  character,  the  urine 
was  of  a  red  colour  and  an  acid  reaction.  It  contained  in  1000 
parts: 


1. 

«. 

Water     -           -            .            .           . 

983-3 

9G5-S 

Solid  constttnents             •           •           • 

]&5 

347 

Urea    ..... 

1« 

&3 

Uric  arid          .... 

0-5 

1-5 

Alcohol-cxtnict,  with  lactic  acid  and  lactates 

6-5 

15-8 

Water-extract  and  ammonia-salta 

(^2 

M 

Fixed  salts  soluble  in  water 

1-6 

^6 

Earthy  phosphates        ... 

0^2 

0-4 

Albumen  and  mucus    ... 

0-5 

07 

The  specific  gravity  in  these  cases  was  1007  and  1011.  Analysis 
2  was  made  aUer  the  patient  had  taken  phosphoric  acid  for  some 
days^  and  the  septic  tendency  had  diminished. 

Urine  in  intermittent  fevers. 

The  urine  varies  considerably  in  its  physico-chemical  relations  in 
this  class  of  fevers.  An  abundant  lateritious  sediment  at  the  period 
of  the  crisis  was  formerly  regarded  as  an  acknowledged  character- 
istic; recent  investigations  have,  however,  shown  that  this  is  by  no 
means  an  invariable  occurrence. 

Sch5nlein  observes  on  this  point  that  he  feels  bound  to  contradict 
the  old  physicians — that  the  lateritious  sediment  in  the  urine  dis- 
charged at  the  termination  of  the  paroxysm  is  a  signutn  pathogno^ 
monicum  of  intermittents,  and  that  it  may  serve  for  the  purpose  of 
distinguishing  masked  intermittents  from  similar  forms  of  disease^ — 
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because  the  urinary  crisis  exhibits  itself  in  various  forms,  and  in 
many  epidemics  is  either  altogether  absent,  or  only  forms  the  excep- 
tion and  not  the  rule.  For  instance,  when  the  whole  tendency  of 
the  disease  is  directed  towards  the  skin,  the  crisis  is  uniformly  ex- 
hibited through  that  medium,  and  a  urinary  crisis  is  either  altogether 
absent  or  only  occurs  subsequently,  during  the  non-febrile  state;  so 
that  while  a  perfectly  clear  urine  is  discharged  at  the  termination  of 
the  paroxysm,  the  sediment  which  has  been  noticed  occurs  on  the 
following  day. 

Becquerel  examined  the  urine  in  fourteen  cases  of  intermittent 
fever,  ten  of  which  were  of  the  tertian,  two  of  the  quartan,  and  two 
of  the  quotidian  type.  During  the  intermission  the  urine  resem- 
bled the  normal  secretion,  and  the  resemblance  was  closer  in  propor- 
tion to  the  shortness  of  the  paroxysm  and  the  length  of  the  intermis- 
sion: the  average  specific  gravity  was  1018-9.  In  many  of  the  cases, 
the  urine  during  ine  paroxysm  assumed  the  inflammatory  type,  that 
is  to  say,  it  was  scanty  in  quantity,  highly  coloured,  and  very  acid, 
with  or  without  sediments  (either  spontaneous  or  produced  by  nitric 
acid,)  and  having  a  mean  specific  gravity  of  1023*5. 

In  other  cases,  in  which  the  febrile  paroxysms  had  been  recurring 
for  a  length  of  time,  the  appearance  of  the  urine  changed  with  the 
prolongation  of  the  disease;  it  became  paler  and  less  acid,  and  its 
specific  gravity  fell  to  1014-7. 

The  changes  produced  in  the  urine  by  the  prolongation  of  the  dis- 
ease was  very  striking  in  the  case  of  a  man  aged  49  years,  who  was 
attacked  with  a  quartan  fever  during  convalescence  from  acute  ar- 
ticular rheumatism.  As  long  as  the  first  disease  lasted,  the  urine  was 
inflammatory,  but,  on  the  accession  of  the  second,  it  became  paler, 
less  dense,  contained  a  good  deal  of  mucus,  and  finally  became  alka- 
line: the  return  of  .the  paroxysm  did  not  produce  any  change  in  the 
character  of  the  urine,  which  remained  the  same  until  the  recovery 
of  the  patient 

In  a  young  chlorotic  girl  who  was  attacked  with  quotidian  fever, 
Becquerel  found  that  the  urine  was  pale,  as  is  the  case  with  chlorotic 
persons,  and  was  rendered  turbid  by  a  large  quantity  of  mucus 
equally  during  the  intermissions  and  the  paroxysms;  but,  at  the  same 
lime,  the  acidity  and  density  (1021-8 — 10231)  were  more  conside- 
rable than  is  usually  the  case  in  chlorosis;  and,  on  cooling,  a  copious 
white  sediment  of  uric  acid  was  thrown  down. 

Becquerel  frequently  observed  turbidity  or  sediments  (either  spon- 
taneous or  by  the  addition  of  an  acid)  towards  the  close  of  inter- 
mittent fever,  but  not  earlier.  During  the  paroxysms  themselves, 
the  urine  was  observed  to  present  several  modifications.  In  the 
majority  of  cases  it  seemed  to  undergo  no  change  during  the  three 
stages,  that  is  to  say,  the  urine  passed  towards  the  end  of  the  cold 
stage  closely  resembled  that  which  was  passed  during  the  other 
stages;  sometimes  in  the  cold  stage  it  was  deeply  coloured,  acid,  and 
of  rather  high  specific  gravity,  and  it  would  retain  these  characters  in 
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the  hot  stage;  sometimes  it  would  be  slightly  coloured,  faintly  acid, 
and  of  low  specific  gravity  (1013-4)  in  the  cold  stage,  and  would 
be  darker,  more  acid,  and  of  higher  specific  gravity  (1021*8)  in  the 
hot  stage. 

Becquerel  occasionally  observed  sediments  in  the  urine  at  the 
termination  of  the  paroxysm,  but  they  were  by  no  means  of  con- 
stant occurrence:  Andral  observed  the  same.  He  only  noticed  them 
in  those  cases  in  which  the  fever  was  intense  and  prolonged,  and 
terminated  in  a  very  abundant  perspiration,  or  when  it  was  com- 
plicated with  functional  derangements,  or  with  congestion  of  certain 
organs. 

The  sediment  formed  in  intermittent  fevers  is  always  composed  of 
uric  acid  and  urate  of  ammonia,  in  most  cases  combined  with  red 
colouring  matter  (uroerythrin.) 

A  very  perfect  crisis  by  the  skin  and  kidneys  is  said  to  indicate 
an  ercthismic  type  of  fever;  an  imperfect  and  slight  one,  occurring 
through  only  one  of  the  secreting  organs,  a  synochal  type;  and  a 
colliquative  crisis,  a  fever  of  a  torpid  character. 

In  a  young  man  aged  23  years,  who  was  treated  in  our  hospital 
for  quartan  fever,  the  urine,  at  the  end  of  the  paroxysm,  always 
threw  down  a  copious,  yellowish-red  sediment.  During  the  inter- 
mission it  was  secreted  more  copiously,  was  clear,  of  an  amber- 
yellow  colour,  contained  a  few  mucous  flocculi,  and  had  a  slight  acid 
reaction. 

[The  following  table,  drawn  up  by  L'Heretier,^  represents  the 
mean  composition  of  the  urine  in  the  different  stages  of  this  disease, 
as  deduced  from  the  analyses  of  the  urinary  secretion  of  twelve 
patients : 

Cold  stagp. 

Specific  gravity        -           -           -  10I7-330 

Water         ....  9C7-520 

Solid  constituents     -           -           -  '^24^0 

Urea        ....  9-845 

Uric  add              -           -           -  0-()()0 

Salts  and  organic  matter  -           -  21*975 

In  all  these  cases  the  physical  characters  of  the  secretion  were 
affected  by  the  disease;  in  six  other  cases  the  urine  remained  appa- 
rently normal.] 

Scorbutus  et  Morbus  maculosus  WerlhofiL     (Land-scurvy.) 

In  scurvy  the  urine  is  ordinarily  of  a  dark  reddish-brown,  and 
sometimes  of  an  almost  black  colour.  Although  it  is  slightly  acid 
as  it  passes  from  the  bladder,  it  very  soon  becomes  alkaline,  and  de- 
velops a  strong  and  disagreeable  ammoniacal  odour.  According  to 
Schonlein,  blood  is  frequently  discharged  from  the  urinary  organs, 
and  the  urine  then  assumes  a  dark  reddish-brown  colour,  in  conse- 

'  Traite  de  Chimio  pa^olog.  p.  528. 


Hot  rtage. 

Sweatlog  stage. 

]  020-304 

1022-820 

9G4-<>80 

961-845 

35-320 

-      38155 

9-015 

7-624 

0-980 

1-029 

25-325 

S9-502 
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quence  of  the  presence  of  haemaio-globulin :  in  this  case^  it  develops 
hydrosulphate  of  ammonia,  and  soon  becomes  putrid. 

I  have  examined  the  urine  in  three  well-marked  cases  of  scurvy 
occurring  in  Schonlein^s  clinical  wards ;  two  were  men  between 
thirty  and  forty  years  of  age,  and  the  third,  a  woman  who  had  been 
delivered  a  few  weeks  previously.  In  the  men,  not  only  were  the 
gums  attacked,  and  the  peculiar  scorbutic  odour  observed  in  the 
breath,  but  the  lower  extremities  were  covered  with  numerous  ecchy- 
mosed  spots  and  petechise.  The  woman  had  a  very  cachectic  appear- 
ance: her  face  was  somewhat  swollen;  the  gums  nearly  destroyed, 
livid,  and  hemorrhagic:  the  teeth  loose  (one  having  fallen  out  the 
preceding  night,)  and  the  breath  almost  unbearable.  In  its  physical 
characters  the  urine  was  very  similar  in  these  three  cases.  At  first 
it  was  scanty  (eight  to  twelve  ounces,)  and  of  a  deep  dark-brown 
colour,  as  if  bile-pigment  or  decomposed  blood  were  present,  which, 
however,  was  not  the  case.  It  was  devoid  of  the  peculiar  sweetish 
odour  of  typhus-urine,  but,  after  standing  a  few  hours,  developed  a 
disagreeable  ammoniacal  odour. 

The  addition  of  ammonia  produced  a  very  slight  turbidity;  and, 
on  the  addition  of  chloride  of  barium  to  the  urine  acidulated  with 
nitric  acid,  the  precipitated  sulphate  of  baryta  was  much  less  than 
in  healthy  urine.  The  addition  of  ammonia  (after  the  removal  of 
the  sulphate  of  baryta)  produced  a  comparatively  slight  precipi- 
tate, showing  that  there  was  a  deficiency  of  the  phosphates.  Infu- 
sion of  galls,  basic  and  neutral  acetate  of  lead,  and  acetate  of  copper, 
produced  considerable  turbidity,  and  the  urine  was  similarly  affect- 
ed (but  in  a  much  less  degree)  by  bichloride  of  mercury.  In  their  che- 
mical characters,  these  three  specimens  closely  resembled  each  other, 
and  were  found  to  approximate  to  the  urine  in  typhus.  The  amount 
of  urea  was  much  less  than  in  normal  urine,  not  exceeding  25 — 30§ 
of  the  solid  residue.  The  fixed  salts  were  diminished  in  the  urine  of 
the  men,  forming  14 — 18§  of  the  solid  residue,  while  in  the  woman 
they  amounted  to  278,  *  ^'^^^®  above  the  normal  average  (25g.)  The 
uric  acid  was  slightly  above  the  healthy  standard  in  all  the  cases,  ranging 
from  1 — 3g  of  the  solid  residue.  The  men  rapidly  improved  under 
proper  treatment;  the  urine  became  more  abundant  and  clearer,  and, 
in  the  course  of  six  days,  was  apparently  normal.  The  woman  reco- 
vered more  slowly. 

In  a  girl  aged  20  years,  treated  in  Schonlein's  clinical  wards  for 
morbus  maculosus  Werlhofii,  I  found  the  urine,  during  a  period  of  a 
fortnight,  of  a  dark  brown  colour,  of  a  disagreeable  ammoniacal 
odour,  and  with  an  alkaline  reaction.  It  deposited  a  viscid  sediment 
of  earthy  phosphates,  urate  of  ammonia,  and  mucus.  The  addition 
of  nitric  acid  indicated  the  presence  of  a  small  quantity  of  bile-pig- 
ment Blood  (of  which  the  composition  is  given  in  page  259) 
issued  from  the  'mouth,  exuding  from  red  patches  situated  above 
the  uvula.  The  odour  of  the  breath  was  putrid.  During  her  reco- 
very, the  urine  returned  to  its  original  state. 

42* 
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[The  urine  in  this  disease  has  likewise  been  analyzed  by  Heller 
and  Martin. 

The  two  following  cases  are  recorded  by  Heller:* 

1.  A  girl  aged  19  years,  marked  over  the  whole  body,  was  admit- 
ted into  the  clinical  ward  of  Professor  Lippich. 

The  urine  was  of  an  intensely  yellowish-brown  colour,  rather  tur- 
bid, and  deposited  flocks  of  mucus.  The  odour,  at  first  ordinary, 
rapidly  became  ammoniacal;  and  the  same  tendency  was  observed 
throughout  the  course  of  the  disease.  Reaction  faintly  acid.  Spe- 
cific gravity  1021.     The  urine  contained  in  1000  parts: 

Water          -.----.  949^ 

Solid  oonBtituentfl     ......  50-72 

Urca        -            -            -            -            -            -            -  l&2i 

Uric  acid              ------  1^ 

Extractive  matteri  with  much  hydrocUorate  of  ammonia     -  23-24 

Fixed  aaltfl 9-80 

The  fixed  salts  consisted  almost  entirely  of  earthy  phosphates  and 
sulphate  of  potash,  there  being  a  mere  trace  of  chloride  of  sodium. 
No  albumen  was  present. 

2.  In  a  youth  aged  16  years,  the  urine,  during  the  progress  of  the 
disease,  was  of  a  brownish-yellow  colour  and  turbid;  and  when  an 
improvement  manifested  itself,  the  secretion  became  of  a  lighter  tint, 
and  clearer.  A  sediment  of  ammoniaco-magnesian  phosphate  and 
urate  of  ammonia  was  deposited  during  the  disease,  but  gradually 
disappeared  during  convalescence.  The  urine  had  a  faintly  acid  re- 
action, but,  notwithstanding,  evolved  a  putrid  odour,  and  very  rapidly 
became  alkaline.  The  specific  gravity  was  at  first  1017,  and  subse- 
quently varied  from  that  number  to  1012.  Traces  of  albumen  could 
always  be  detected  till  symptoms  of  convalescence  appeared.  In  its 
chemical  characters  it  resembled  the  preceding  case.  The  hydro- 
chlorate  of  ammonia  was  much  increased,  while  the  chloride  of  so- 
dium was  diminished  to  a  mere  trace.  The  uric  acid  was  much  in- 
creased, amounting  to  2  in  1000  parts.  The  urine  remained  abnor- 
mal for  six  days,  and  then  appeared  to  have  resumed  its  ordinary 
character. 

Heller  observes  that  the  augmentation  of  the  ammonia  (in  the 
form  of  hydrochlorate)  and  of  the  uric  acid,  together  with  the  dimi- 
nution of  the  chloride  of  sodium, — characters  seemingly  associated 
with  this  disease, — indicate  that  the  blood  must  be  in  a  state  of  dis- 
solution. 

In  Martin's*  case,  the  secretion  was  very  scanty,  about  one  or  two 
ounces  being  passed  at  a  time,  and  the  daily  amount  being  from 
twelve  to  twenty  ounces.  In  its  physical  characters  it  resembled  the 
urine  described  in  the  preceding  cases. 

On  evaporating  the  urine,  and  allowing  the  solid  residue  to  remain 
for  some  hours  at  a  temperature  of  212^,  there  was  remarked  on  the 
surface  of  the  brown,  and  (for  the  most  part)  saline  mass,  a  copious, 

>  Ardiiv  for  phynoIogiKhen  und  pathologischen  Chemie,  T<d.  1,  p.  12. 
«  Meoe  medHiiff.  2eit.  184&. 
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reticulated,  dendritic  efflorescence  which,  when  examined  with  a 
lens,  was  found  to  consist  of  long,  transparent,  four-sided  needles, 
with  double-sided  sharp  extremities.  They  were  proved  to  b^ 
neither  hydrochlorates,  sulphates,  nor  phosphates,  and  were  presumed 
to  be  crystals  of  hippuric  acid.     Three  analyses  were  instituted. 

1.  2.  3 

Specific  gravity      ....        1013^0  1021^^  ]0]0*'3l 

Witer 984-42  973-74  965730 

Solid  coiHtitoeotB              -           -           •            15-58  2&26  14-270 

Urea &43  6-07  5-430 

^'?!5~*Ki"^^'^"^J*^*^-^^  J  0H)9  0-10  0O06 

hydrochloric  acid  m  place  of  uncacid)   j  v-ww 

ExtractiTe  mattera  with  ammonia^nltBy  &c  2*34  2-25  0-660 

Fixed  floOU  soluble  in  water        -  -  G-30  17-00  7*794 

'^      insoluble  in  water      -  -  0*42  0*84  0*390 

Analysis  1  was  made  on  Oct.  22d,  before  the  administration  of 
any  remedies.  The  uritie  was  faintly  acid.  The  soluble  salts  con- 
sisted for  the  most  part  of  chloride  of  sodium.  Analysis  2  was  made 
on  the  3d  of  November  with  the  mixed  urine  of  the  preceding  twenty- 
four  hours.  It  had  a  strone  ammoniacal  odour,  but  was  perfectly 
neutral.  The  patient  had  taken  sulphuric  acid,  iron,  and  other  tonics, 
in  the  interval,  without  any  obvious  improvement,  and  traces  of  iron 
were  found  with  the  earthy  phosphates.  Analysis  3  was  made  with 
the  morning  urine  passed  on  the  25th  of  November.  The  same  treat- 
ment had  been  pursued  with  very  decided  benefit  The  urine  was 
clear,  slightly  yellow,  and  devoid  of  the  unpleasant  odour  it  pre- 
viously evolved.  Its  reaction  was  faintly  acid^  and  it  contained  traces 
of  iron. 

The  green  colouring  matter  is  probably  a  compound  of  uric  acid 
and  biliphaein.  A  compound  of  this  nature  has  been  observed  and 
described  by  Heller.*] 

Chlorosis. 

The  urine  of  chlorotic  persons  is  usually  pale,  of  low  specific 
gravity,  and  of  a  mildly  acid  reaction:  in  these  respects  it  resembles 
the  urine  of  persons  who  have  lost  a  considerable  quantity  of  blood, 
or  the  form  of  urine  termed  nervous,  which  we  sometimes  observe 
in  hysterical  attacks. 

Becquerel  applies  the  term  ansemic  to  this  form  of  urine,  and,  as 
in  the  majority  of  cases  in  which  it  occurs,  there  is  either  an  absolute 
deficiency  of  blood  or  a  scarcity  of  the  truly  vital  portion — the  blood- 
corpuscles,  no  objection  can  be  raised  to  such  a  designation.  The 
urine  in  chlorosis  has,  however,  other  distinctive  properties,  as  has 
been  clearly  shown  by  the  researches  of  Becquerel;  for  it  is  very 
poor  in  urea,  and  in  that  respect  resembles  the  urine  in  typhus,  while 
it  differs  from  the  latter  in  containing  only  a  small  quantity  of  uric 
acid,  and  a  large  amount  of  fixed  salts. 

I  may  perhaps  be  allowed  to  refer  once  more  to  the  intimate  con- 
nexion subsisting  between  the  action  of  the  metamorphosis  of  the 

*  Arrhiv  fur  phys.  und  pathoL  Cbemiey  toL  1,  (x  99. 
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blood-corpuscles  (or  of  their  development  and  vitality)  on  the  one 
handy  and  on  the  production  of  urea  on  the  other. 

The  proportion  of  the  urea  to  the  solid  constituents  of  the  urine 
in  inflammatory  diseases,  in  those  forms  of  typhus  which  assume  a 
torpid  character,  and  lastly  in  chlorosis,  aflbrds  us  sufficient  illustra- 
tion of  this  connexion. 

In  the  form  of  typhus  to  which  we  have  alluded,  as  well  as  in 
chlorosis  and  anaemia,  the  urea  is  diminished;  but,  as  we  have  already 
remarked,  in  that  case  the  uric  acid,  which  is  a  product  peculiar  to 
febrile  action,  is  increased,  and  the  salts  (partly  in  consequence  of 
the  diet)  are  diminished;  while  in  chlorosis,  in  which  a  nutritious 
nitrogenous  diet  is  allowed,  the  diminution  of  the  urea  plainly  indi- 
cates that  the  seat  of  the  disease  must  be  sought  for  in  the  production 
of  the  blood-corpuscles. 

I  shall  now  give  Becquerel's  account  of  the  chemico-physical  re- 
lations of  the  urine  in  chlorosis. 

The  quantity  of  urine  emitted  in  twenty-four  hours  amounts  to 
about  34  ounces.  It  is  pale  and  of  a  greenish  tint,  and  only  becomes 
dark  when  the  urine  is  very  concentrated:  the  acid  reaction  is  weak; 
uric-acid  sediments  are  seldom  formed;  when  they  do  occur,  they 
are  of  a  white  or  gray  colour.  If,  as  is  not  unfrequently  the  case,  leu- 
corrhoea  is  associated  with  chlorosis,  the  urine  is  more  or  less  turbid 
in  consequence  of  the  mixture  6f  the  morbid  product  with  it;  in 
these  cases  a  little  albumen  is  generally  observed. 

The  quantitative  analyses  which  Becquerel  made  of  the  urine  of 
chlorotic  persons  gave  the  following  results : 

Anal.  1.  Anal.  9.  Anal.  S. 


Quantity  of  urine  in 

24  houra 

41*3  ounces 

50<6  ounces 

27*5  OQ 

Specific  gravity 

- 

.    1011-3 

1012^ 

101&6 

1000  parts  contained: 

Water 

981-28 

979-21 

972-28 

Solid  reodue 

18-7a 

20-79 

2779 

Urea 

603 

7-38 

6-63 

Uric  acid 

(HB 

0416 

0« 

Fixed  aalta 

4-80 

8-05 

8^5 

Extractive  mattera 

7-79 

&-14 

1M6 

If  we  calculate  the  amount  of  urea,  uric  acid,  and  fixed  salts  in 
these  analyses  in  relation  to  100  parts  of  solid  residue,  and  compare 
the  results  with  the  physiological  average  which  Becquerel  has  given, 
the  proportions  to  which  I  have  already  alluded  will  plainly  appear, 
that  is  to  say,  there  is  an  an  absolute  and  a  relative  dimmution  of  urea 
and  of  uric  acid,  and  an  increase  of  the  fixed  salts:  100  parts  of  the 
solid  residue  contain: 

Ani<l.  1.  Anal.  9.  Anal.  3.  Nonnal  fTriae. 

Urea               -            -           -        320  33-0  24-0            420 

Uric  add         ...          0-4  1-2  08              W 

Fixed  salts      -            .           -        260  380  30O           940 

The  urine  may  exhibit  some  differences  in  its  chemico-physiologi- 
cal  properties  if  other  diseases  are  associated  with  chlorosis,  or  if  the 
latter  is  not  very  fully  developed.     The  persons  from  whom  the  urine 
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1. 

8. 

3. 

4, 

23-3(0. 

24-5  oz. 

17-8  08E. 

38-5  Ob 

lOU-2 

1017-6 

1016-8 

1016-8 

976-43 

970-89 

972-28 

9T^28 

23-57 

29-11 

27-72 

27-72 

8-37 

7-81 

8-64 

6-95 

0-20 

0-81 

— 

0-22 

4-74 

0<K) 

8-36 

8-89 

10-34 

1147 

10-24 

12-10 

in  analyses  1  and  2  was  taken  were  slightly  feverish.  In  analysis  3, 
the  chlorosis  was  combined  with  pulmonary  emphysema.  In  analysis 
4,  there  was  some  affection  of  the  nervous  system. 

With  the  exception  of  a  considerable  diminution  in  the  quantity 
of  urine  discharged  in  twenty-four  hours  in  analyses  1  and  3,  and  the 
increase  of  uric  acid  in  analysis  2,  there  are  no  particular  deviations 
in  the  relative  proportions  of  the  solid  constituents  from  the  state- 
ment that  we  have  previously  made;  for  the  urea  is  both  absolutely 
and  relatively  diminished^  and  the  salts  occur  in  a  higher  proportion 
than  in  normal  urine. 

Quantity  of  urine  pasBed  in  ) 
24  hourp,  in  ounces  ) 

Specific  grayity 

1000  parts  contained: 

Water 

Solid  oonadtuents     - 

Urea       -  -  . 

Uric  acid 

Fixed  nits 

fxtracd've  matten  • 

Becquerel  has  made  some  interesting  remarks  on  the  influence  of 
ferruginous  preparations  on  the  urine  in  chlorosis. 

In  the  majority  of  cases  the  iron  is  partially  carried  off  by  the 
urine;  sometimes^  without  any  apparent  reason,  it  is  absent  from 
urine  in  which  it  is  found  on  the  preceding  and  succeeding  days. 
The  quantity  of  iron  thus  carried  off  in  the  urine  of  the  same  indi- 
vidual is  subject  to  great  variations;  sometimes  it  can  only  be  de- 
tected after  the  incineration  of  a  portion  of  evaporated  urine,  while, 
on  other  occasions,  the  simple  addition  of  a  test  is  sufficient  to  indi- 
cate its  presence.  The  iron  begins  to  pass  off  by  the  urine  from 
the  commencement  of  the  administration  of  the  medicine,  and  it  oc- 
curs in  all  the  urine  that  is  emitted;  so  that  there  is  no  necessity  for 
the  system  to  be  saturated  with  it  before  any  portion  can  pass  off  by 
the  kidneys;  as  the  assimilation  of  the  iron  is  a  very  slow  process, 
large  doses  merely  derange  the  digestive  organs  without  being  of 
more  service  than  smaller  doses. 

[Herberger*  analyzed  the  urine  of  the  chlorotic  girl  referred  to 
in  p.  257,  and  his  analyses  indicate  the  simultaneous  diminution  of 
the  blood-corpuscles  and  urea.  The  urine  was  analyzed  on  three  oc- 
casions before  the  use  of  iron,  and  twice  afterwards. 


Uirine  before  the  use  qfiron. 


Specific  gravity 

Quantity  in  24  hours 

Water 

Solid  constituents    - 

Urea 

Uric  add 

Extractive  matters 

Fixed  aiOts 


1. 

9. 

3. 

1010 

1009 

1012 

320SE. 

42  oz. 

35caE. 

975-43 

978-21 

971-98 

24-57 

21-79 

28K)2 

7-04 

7-00 

712 

0-13 

0-21 

0-19 

10-48 

9K)0 

13-99 

6-80 

5-50 

6-62 

Bucliner's  Repertoriam,  toL  29. 
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Urine  tfitr  tkt  use  of 

iron. 

1. 

2. 

940-16 

938-70 

5Jh84 

61*30 

2G-S4 

27*36 

0-04 

'     0^ 

18^*2 

16-38 

13*32 

15-71 

Water 

Solid  constituenUi    - 

Urea 

Uric  acid 

ExtnMHive  mattert 

Fixed  nlta 

Traces  of  iron  were  detected  both  in  the  sweat  and  urine  during 
the  period  of  treatment] 

Donn6  states  that  normal  urine  always  contains  a  certain  quantity  of 
iron  which  disappears  during  chlorosis,and  only  reappears  after  the  use 
of  ferruginous  preparations.  This  statement  is  contradicted  by  Bec- 
querely  who  has  never  been  able  to  discover  iron  in  the  incinerated 
residue  of  normal  urine,  although  ferrocyanide  of  potassium  would 
evolve  a  bluish  shade^ — an  effect  which  this  test  sometimes  has  on 
chlorotic  urine. 

[L'Heretier*  gives  the  mean  of  eight  analyses  of  the  urine  in  un- 
complicated chlorosis 

Quantity  of  urine 

Specific  gravity 

Water 

Solid  coDstituents 

Urea 

Uric  acid     - 

Fixed  aalte  • 

Organic  matter 

I  am  indebted  to  the  kindness  of  Dr.  Golding  Bird  for  the  follow- 
ing cases: 

1.  A  girl  aged  18  years,  of  anaemic  appearance,  and  who  had  suf- 
fered from  anasarca  for  six  months,  passed  30  ounces  of  acid  urine 
of  specific  gravity  1024,  in  twenty-four  hours. 


In941ioiica. 

1000 

3801. 

1011-9 

— 

983-1 

ISSTSgraina 

109 

316 

&6 

123 

0-2 

5 

4-1 

77 

&0 

HI 

The  water  amounted  to 
The  solids 

Urea 

Uric  acid    • 


12690 

750 

162 

9 


She  then  commenced  taking  ferri  sulph.  gr.  iij,  fer  die.  In  the 
course  of  a  week  the  urine  was  again  examined;  it  amounted  to  20 
ounces,  had  a  specific  gravity  of  1029,  and  deposited  urate  of  am- 
monia. 

The  water  amounted  to           -           -           -  8392  grains 

Theaolids      .....  608 

Urea          -           -           -           .           .  137 

Uric  add    .....  20 

The  anaemia  was  now  disappearing.  At  the  end  of  the  second 
week  the  amount  of  urine  was  30  ounces,  and  the  specific  gravity 
1023. 

The  water  amounted  to           -           >           .  12690  graina. 

The  solids      .....  720 

Urea          -            -            ...  242 

Uric  add    .....  5 

2.  The  urine  of  a  girl  aged  15  years,  of  chlorotic  appearance  but 

1  Tmit<  de  Glum,  patbdog.  p.  [>51. 
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menstruating  regularly,  amounted  to  25  ounces,  and  had  a  specific 
gravity  of  1020. 

The  water  flmounted  to          -           -           -  10637  gninii 

llieaolidi 519 

Urea 231-25 

Uric  add 25O0 

The  amount  of  uric  acid  in  this  case  is  very  remarkable.] 

Hemorrhages. 

The  properties  of  the  urine  in  hemorrhages  are  entirely  dependent, 
during  the  period  of  the  discharge,  and  for  some  short  time  afterwards, 
upon  the  degree  in  which  the  vascular  system  participates  in  the  ge^ 
neral  disturbance.  In  many  cases,  as,  for  instance,  in  cerebral  and 
pulmonary  hemorrhages,  we  find  that  the  quantity  of  urine  is  dimi- 
nished, its  colour  becomes  deepened,  its  acidity  and  its  specific  gra- 
vity increased, — that  is  to  say,  it  entirely  resembles  inflammatory 
urine.  When  there  is  hemorrhage  from  the  kidneys,  uterus,  or  any 
portion  of  the  generative  system,  the  urine  will  naturally  contain 
blood,  either  in  a  state  of  solution  or  undissolved.  If  the  hemor- 
rhage is  succeeded  by  a  state  of  anaemia  and  great  prostration  of 
strength,  the  urine  then  becomes  pale,  of  slight  acidity,  and  of  low 
specific  gravity,  as  in  chlorosis. 

Becquerel  made  three  examinations  of  the  urine  in  cerebral 
hemorrhage,  and  in  two  of  these  cases  he  found  it  analogous  in  its 
physical  relations  to  the  urine  of  inflammation:  in  the  third  case,  in 
which  the  patient  had  imperfect  hemiplegia  of  the  right  side,  but  in 
other  respects  seemed  well,  the  urine  could  hardly  be  considered  ab- 
normal. 

In  one  of  the  first  two  cases,  the  urine  was  taken  from  a  man  aged 
43  years,  who  was  afiected  with  perfect  paralysis  of  the  left  side,  and 
died  on  the  fifteenth  day  from  the  seizure.  It  exhibited  in  a  high  de- 
gree, both  in  its  physical  properties  and  in  its  chemical  constitution, 
the  characters  of  inflammatory  urine.  The  quantity  was  diminished; 
the  specific  gravity,  the  urea,  and  uric  acid  exceeded  the  physiolo- 
gical average. 


Quanti^  of  uzine  in  24  boon  in  ounces 
Specific  giavity 
Water 
Solid  residiie 

Urea 

Uric  acid 

Fixed  aalUi 

Extractive  matter 


25-7 

1023-1 

960*40 

39-60 

17-10 

0-65 

lOKK) 

11-80 


In  100  parts  of  solid  constituents  there  are  43*0  of  urea,  and  1*6 
of  uric  acid. 

The  urine  of  a  man  aged  31  years,  who  was  treated  in  Schdnlein's 
clinical  wards  for  a  severe  attack  of  pulmonary  hemorrhage,  was  of 
a  dark  red  colour,  very  acid,  and  exhibited  the  other  symptoms  of 
the  inflammatory  type,  from  the  period  of  admission  to  the  eleventh 
day.     On  two  occasions  I  found  its  specific  gravity  to  be  1023  and 
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1022.  On  the  eleventh  morning  the  urine  was  rather  turbid^  and  on 
the  twelfth  it  became  jumentous  from  the  urate  of  ammonia  whieb 
was  suspended  in  it;  it  still  had  a  strong  acid  reaction,  but  did  not 
form  any  sediment:  on  the  next  day,  the  sediment  was  very  consi- 
derable. The  pulse  was  quick  and  feverish  till  the  urine  began  to 
deposit  sediments;  subsequently,  the  vascular  excitement  almost  en- 
tirely disappeared,  and  the  urine  became  clear  and  pale,  and  contained 
only  a  few  mucous  flocculi. 

In  a  girl  aged  20  years,  with  severe  haematemesis,  who  had  brought 
up  nearly  a  quart  of  coagulated  blood,  the  urine  which  was  paned 
almost  immediately  after  the  attack  scarcely  differed  from  the  nor- 
mal secretion;  but,  on  the  following  day,  it  was  pale,  and  scarcely 
acid,  and  it  continued  in  this  state  for  several  days. 

In  hasmaturia  the  urine  contains  blood,  cither  in  a  coagulated  state 
or  devoid  of  fibrin ;  in  the  latter  case,  the  blood-corpuscles  may  be 
either  perfectly  dissolved  or  not;  and  when  they  arc  found  floating 
in  the  urine,  they  form,  after  a  short  time,  a  red  sediment  More 
minute  observations  on  this  subject  have  been  given  in  page  435. 

Rayer  has  published  a  very  interesting  communication  on  an 
endemic  haematuria  that  occurred  in  the  Isle  of  France.  Children 
of  very  tender  age  discharged  blood  with  the  urine;  he  relates,  for  in- 
stance, the  case  of  a  boy,  who  from  his  seventh  year  lost  nearly  an 
ounce  of  blood  daily:  uric-acid  gravel  was  combined  with  the 
hematuria. 

A  man  aged  21  years,  from  the  Isle  of  France,  who  was  under 
Rayer's  care,  had  had  haematuria  from  his  youth.  The  urine  which 
he  passed  in  Rayer's  presence  formed,  in  the  course  of  seven  hours, 
a  cream-like  layer  on  the  surface;  two  distinct  strata  were  afterwards 
formed,  the  upper  being  of  a  yellowish-white  colour,  and  the  lower 
red:  the  latter  contained  two  clots  of  coagulated  matter,  one  was  the 
ordinary  blood-clot,  the  other  was  white  and  loose.  The  upper  milky 
stratum  contained  much  albumen  and  fat  (chylous  urine,)  the  lower 
one  contained  blood.  No  casein  was  present  It  is  worthy  of  re- 
mark, that  the  hematuria  never  came  on  till  about  noon,  the  urine 
passed  in  the  earlier  hours  being  always  clear. 

Raycr  and  Orfila  also  observed  a  similar  case  of  bloody  and  milky 
urine  in  a  Brazilian.  The  disease  commenced  with  a  discharge  of 
milky  urine,  the  haematuria  coming  on  a  year  afterwards. 

Catarrhs. 

In  simple  catarrh  the  state  of  the  urine  corresponds  with  the  de- 
gree of  vascular  reaction. 

If  the  catarrh  terminates  without  any  perceptible  fever,  the  urine 
scarcely  deviates  at  all  from  the  normal  state:  if  the  fever  is  accom- 
panied by  much  excitement,  the  urine,  according  to  SchOnlein,  be- 
comes rather  red,  and  forms  a  mucous  sediment  At  the  commence- 
ment of  convalescence  from  a  feverish  catarrh,  the  urinary  crisis 
shows  itself  by  a  mucous  sediment. 
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In  influenza  the  urine  assumes  a  reddish  tint,  and  assumes  more  or 
less  of  the  inflammatory  type  in  proportion  to  the  synochal  character 
of  the  fever.  Schonlein  states  that  the  nature  of  the  urinary  crisis  at 
the  approach  of  convalescence  is  dependent  on  the  character  of  the 
fever:  in  crethismic  fever  the  sediment  is  mucous,  in  synochal  fever 
it  is  earthy,  and  in  gastric  fever  it  is  of  a  yellowish-gray  colour. 

In  measles,  which  are  considered  by  Sch5nlein  as  the  most  highly-de- 
veloped form  of  catarrhal  disease  occurring  in  the  northern  hemisphere, 
the  urine  changes  with  the  varying  stages  of  the  disorder.  In  most 
cases  it  more  or  less  resembles  the  inflammatory  type,  it  is  red  (as  in 
inflammatory  measles,)  acid,  and  sometimes  jumentous  (as  in  gastric 
measles,)  or  deposits  a  mucous  sediment  during  the  course  of  the 
morning  (as  in  catarrhal  measles.)  Becquerel  states,  as  the  result  of 
his  observations,  that  the  urine  is  generally  inflammatory  at  the  com* 
mencement  of  the  febrile  period.  It  becomes  very  dark  and  of  high 
specific  gravity,  and  frequently  deposits  a  sediment  of  uric  acid:  a 
small  quantity  of  albumen  was  found  in  a  few  of  the  cases.  During 
the  eruptive  period  the  character  of  the  urine  changes;  if  the  eruption 
is  slight,  and  there  is  not  much  fever,  it  resumes  the  normal  type;  if 
the  contrary  is  the  case,  the  urine  retains  the  inflammatory  appear- 
ance. Becquerel  did  not  meet  with  any  case  in  which  the  urine  was 
turbid  or  sedimentary  towards  the  close  of  the  eruptive  stage. 

During  the  period  of  desquamation  and  of  convalescence,  the  urine 
either  returns  at  once  to  the  normal  state,  or  continues  turbid  and  se- 
dimentary for  some  time,  or  becomes  pale,  clear,  and  anaemic 

In  three  cases  anasarca  came  on  during  convalescence,  but  the  urine 
did  not  contain  albumen. 

During  the  catarrhal  afiection  of  the  mucous  membrane  of  the  sto- 
mach, or  the  status  gastricus  (as  it  has  been  called,)  which  when 
more  fully  established,  becomes  gastric  fever,  the  urine  is  generally 
more  or  less  turbid,  and  earthy  sediments  appear  as  symptoms  of  a 
crisis. 

Becquerel  found  that  the  urine  in  "Tembarras  gastrique"  was  often 
of  a  deep  colour,  and  sedimentary,  as  in  the  phlogoses:  sometimes, 
however,  it  hardly  difiered  from  the  normal  secretion.  Out  of  twelve 
cases,  the  urine  in  two  scarcely  difiered  at  all  from  the  normal  type, 
in  the  other  ten  it  approximated  more  or  less  in  its  characters  to  the 
urine  of  inflammation:  the  deepness  of  the  colour  appeared  to  be 
always  in  relation  to  the  intensity  of.  the  disorder,  and  to  the  pre- 
sence of  some  degree  of  fever.  In  the  twelve  cases,  with  two  excep- 
tions, the  urine  was  constantly  acid.  In  one  of  the  exceptions  the 
urine  was  alkaline,  and  contained  numerous  crystals  of  ammoniaco- 
magnesian  phosphate.  In  six  cases  sediments  of  uric  acid  were 
formed  either  spontaneously,  or  on  the  addition  of  an  acid:  in  two 
in  which  the  symptoms  were  very  intense,  a  little  albumen  was  pre- 
sent, but  in  each  case  it  lasted  only  one  day.  The  mean  specific  gra- 
vity of  the  urine  was  1021*4;  the  highest,  and  in  this  case  a  sediment 
was  deposited,  was  1025*2. 
43 
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In  gastric  fever  the  urine  is  frequently  turbid  and  jumentous:  it 
usually  contains  urate  of  ammonia  m  suspension,  and  has  an  acid  re- 
action. An  earthy  flocculent  sediment  occurs  as  a  urinary  crisis  at 
the  commencement  of  convalescence,  the  supernatant  fluid  being  clear. 
(Schonlein.) 

In  mucous  fever  the  urine  is  red  and  fiery,  if  the  fever  (which  at 
the  commencement  assumes  the  intermittent  type,  and  which  only  at 
a  later  period  becomes  continuous,)  takes  on  a  synochal  character. 

It  is  not  unfrequently  limpid  and  clear,  as  in  hysterical  cases,  and 
forms,  especially  if  the  affection  has  extended  to  the  gen i to-urinary 
mucous  membrane,  a  mucous  sediment  In  those  cases  in  which  the 
urine  is  limpid,  it  assumes  the  normal  colour  during  the  progress  to 
convalescence,  and  sediments  arc  deposited  which  gradually  become 
thicker,  and  pass  from  a  mucous  to  an  earthy-purulent  character. 
(Schonlein.) 

The  urine  in  bilious  fever  is  usually  impregnated  with  bile-pigment; 
it  is  of  a  more  or  less  brownish  colour,  and  when  a  thin  layer  is  seen 
it  appears  of  a  citron-yellow  tint:  it  differs,  however,  with  the  degree 
of  vascular  excitement;  if  the  fever  has  a  synochal  character  the  urine 
is  dark  and  of  a  fiery-red  colour,  if  the  fever  is  erethismic,  which  is 
frequently  the  case,  it  is  of  a  dark  vellow  or  yellowish-brown  colour, 
and  in  torpid  fever  it  is  more  or  less  brown,  and  not  unfrequently 
mixed  with  blood.  The  presence  of  bile-pigment  may  always  be 
recognised  by  the  change  of  colour  which  succeeds  the  addition  of 
nitric  acid. 

Cholera. 

In  sporadic  cholera,  as  well  as  in  the  Asiatic  form  of  the  disease, 
the  urinary  secretion  is  very  scanty,  and  sometimes  altogether  sup- 
pressed. Any  urine  that  is  discharged  is  usually  of  a  dark  colour, 
and  has  a  feeble  acid  reaction,  but  its  specific  gravity  is  below  the 
healthy  average. 

In  a  case  which  I  observed  in  our  hospital,  where  the  symptoms 
were  exhibited  with  gr#at  severity  in  a  woman  36  years  of  age,  there 
were  frequent  evacuations  by  stool,  but  only  about  one  ounce  and  a 
half  of  dark  acid  urine,  with  a  specific  gravity  of  1011 0,  in  the 
course  of  twenty-four  hours.  I  only  determined  the  amount  of  solid 
constituents  collectively,  and  of  the  urea. 

In  1000  parts  I  found: 

Analycif  118. 
Water  ....  9t5^ 

Solid  constituente        •  -  •  24-10 

Urea  ....  7-10 

The  urea  in  this  case  amounts  to  rather  more  than  29§  of  the  solid 
residue,  which  is  considerably  below  the  normal  proportion.  At 
the  approach  of  convalescence  the  urine  was  discharged  more  co- 
piously, but  it  continued  to  be  deeply  coloured :  it  was  only  after 
some  days  that  it  became  pale  and  anaemic.  I  never  observed  any 
sediment. 
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[The  urine  of  a  man  aged  30  years^  attacked  with  sporadic  cholera, 
was  analyzed  by  Heller.^  There  was  excessive  diarrhoea  and  vomit- 
ing, and  the  patient  died  on  the  fourth  day. 

During  the  first  forty-eight  hours  of  his  illness  onl||one  ounce  of 
urine  was  discharged;  it  had  a  deep  golden-yellow  colour,  and  depo- 
sited earthy  phosphates  although  strongly  acid.  Its  specific  gravity 
was  1018.     It  contained  in  1000  parts: 

Water  and  free  carbonic  acid      -----  9S5*67 

Solid  consdtaents           ......  44*33 

Urea              .-.--.-  io*50 

Uric  acid        -------  OlQ 

Extractive  matter,  with  a  large  quantity  of  a  peculiar  substance 

apparently  originating  fixxn  the  bile  •           -           -  «         .  27*32 

Fixed  salts 6*41] 

We  are  unfortunately  not  possessed  of  any  trustworthy  informa- 
tion respecting  the  urine  in  Asiatic  cholera.  R.  Herrmann'  has 
communicated  the  following  remarks. 

As  no  opportunity  occurred  for  obtaining  urine  passed  during  the 
more  urgent  stages  of  the  disease,  that  which  was  first  discharged  by 
a  patient  who  was  just  getting  over  a  severe  attack  was  analyzed:  it 
"was  yellowish,  turbid,  depusiiod  no  sediment,  had  a  neutral  reaction, 
and  by  the  application  of  appropriate  tests,  the  prosenne  of  phosphates, 
hydrochlorates,  and  ammonia-compounds  was  indicated;  on  the  addi- 
tion of  nitric  acid,  crystals  of  nitrate  of  urea  were  obtained;  but  only 
small  quantities  of  all  those  substances  were  present.  Its  specific 
gravity  was  very  low,  being  only  1006. 

Wittstock^  has  likewise  instituted  some  researches  on  the  urine 
which  was  passed  immediately  after  an  attack  of  cholera.  It  had  a 
specific  gravity  of  1008*5,  was  neutral,  of  a  pale  yellow  colour,  but 
not  perfectly  transparent,  in  consequence  of  microscopic  crystals  (con- 
sisting, in  all  probability,  of  ammoniaco-magnesian  phosphate,)  held 
in  suspension.  The  sides  of  the  glass  were  also  covered  with  mi- 
nute glittering  crystals,  which  were  supposed  by  Wittstock  to  con- 
sist of  uric  acid,  but  which,  in  all  probability,  were  composed  of 
ammoniaco-magnesian  phosphate  also.^ 

An  interesting  investigation  regarding  the  urine  in  cholera  has 
also  been  made  by  Vogel.  The  urine  was  passed  after  the  most  vio- 
lent symptoms  had  abated:  it  was  of  a  deep  brownish-yellow  colour, 
was  rather  turbid,  deposited  no  sediment,  had  a  specific  gravity  of 
1008*0,  and  indicated  a  strong  acid  reaction.  The  salts  of  lime  and 
magnesia  were  entirely  wanting,  and  the  quantity  of  chloride  of  so- 
dium was  very  minute,  while  on  the  other  hand  the  sulphates  were 
found  in  a  larger  proportion  than  in  normal  urine. 

The  existence  of  bile-pigment  and  of  albumen  was  proved  by  the 

'  Archiv  furphys.  und  pathoL  Chcmie,  vol.  1,  p.  15. 

'  Pog9endorfrs  Annalen,  vol.  22,  p.  176.  *  Cholera  Archiv,  voL  1,  p.  428. 

4  It  is  by  no  means  probable  that  urine,  with  so  low  a  specific  gravity,  and  especially  when 
it  is  alkaline  or  neutral,  riiould  throw  down  a  precipitate  of  uric  add;  a  sediment  of  urate  of 
ammonia  would  be  much  more  probable.  The  neutral  state  of  the  urine  would  &voar  the 
separation  of  crystals  of  ammoniaco-magnesian  phosphate,  as  suggested  in  the  text 
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adri/.iori  01  tiilrlc  zc'A  to  the  urlcie.  'Cr*:^,  iri-z  atii.  ]naea&  aad 
a  grx^d  <]<r«I  of  pSosphon?  and  bctit  itii  ^tre  preset:.  Sobaejqjocnt- 
ly  i:i«:  d'.r/jrr^eri  &.vi  bl!'^-p;^ei»l  d'.ssppearcd.  ft::i  ibe  earthj  pbo9- 

\u  vtftical  catarrh  t\e  urine  is  s^pr.er^liv  rtrv  pale,  ard  iIttits  con- 
taiof  a  sweater  or  less  amouTit  of  xnucos.  Tr<e  xeeb^  acid  reactioQ 
whi':h  it  po§sf:sscs  at  the  period  of  its  err^lssioc  is  freqsenllj  lost  in 
a  very  abort  tline,  and  it  becomes  ne;^'ral  cr  alkaiiae,  and  a  quandtr 
of  the  earthy  phosphates  ^ especially  of  crystals  of  anunooiieo-aiag- 
nesian  pho.'pFial/:,'^  becomes  mixed  wlih  the  mucus.  The  quantity 
of  muc'j)  which  is  separated  is  sometimes  very  bulky. 

Schonlein  remarks  that  we  may  possibly  be  able  to  determine  tbe 
Beat  and  t}ie  extent  of  tlic  bieDnorrh-jja  from  the  qaality  and  tbe 
amount  of  mucus.  Mucus  secreted  from  the  mucous  membFaoeof 
the  bladder  forms  a  uniform  mass,  and  is  tenacious  and  thready, 
while  tr»at  secreted  by  the  mucous  membrane  of  the  ureters  and  of 
the  pelvis  of  the  kidney  is,  on  the  contrary,  floccuicnt:  if  the  tena- 
cious and  the  flocculent  forms  of  mucus  are  both  found  at  one  and 
tbe  same  time,  we  are  justified  in  assuming  that  the  bladder,  ureteis, 
and  pelvis  arc  simultaneously  afTAotcJ.  ^Villis*  in  speaking  of  eys- 
torrh'^a,  iitat««  that  In  acute  vesical  catarrh  accompanied  by  infiam- 
matory  fever,  the  urine  is  scanty  and  highly  coloured,  and  precim- 
tales  a  much  greater  quantity  of  tenacious  mucus  than  usual ;  also 
that  in  the  earlier  stages  of  the  disease  it  is  sometimes  ammoniacali 
but  more  frequently  when  the  disease  has  continued  for  a  long  time. 
In  chronic  vesical  catarrh  the  urine  is  flocculent  when  it  is  passed; 
the  flucculi  increase  with  the  advances  of  the  disease,  and  collecting 
at  tlie  bottom,  form  a  tenacious  mass  which  may  be  drawn  out  into 
Uiread.4;  this  mass  sometimes  assumes  the  consistence  of  bird-lime, 
and  exhibits  spots ^f  blood. 

As  the  disease  advances  still  further,  wc  often  find  a  fourth  or 
even  a  third  part  of  the  urine  to  consist  of  mucus,  so  that  six  to  eight 
or  even  ten  ounces  are  daily  thrown  off.  Willis  inquires  whether 
ttiis  secrolion  is  always  composed  of  actual  mucus,  or  whether  pus  in 
a  modified  form  is  not  always  present 

In  the  urine  of  a  man  who  was  being  treated  for  catnrrhus  vesicas 
in  our  hospital,  I  found  a  very  bulky  sediment  composed  of  mucus 
and  earthy  phosphates :  the  quantity  of  ammoniaco-magnesian  pbos- 
pfiato  was  also  very  considerable. 

The  urine  upon  becoming  clear  above  the  sediment,  was  of  a  faint 
yellow  colour,  and  contained  much  carbonate  of  ammonia;  it  con- 
stantly had  an  alkaline  reaction.  The  sediment  for  a  period  of  eight 
days  assumed  a  faint  grayish-blue  colour;  when  washed  (for  the  pur- 
pose of  separating  the  urine  from  it  as  completely  as  possible,)  and 
dried,  it  was  treated  with  anhydrous  alcohol,  which  took  up  the  blue 

It  iff  worthy  of  oTwnration  that  lieautiful  cryiteb  of  oimnonuoa-magnesun  phoiphate  maty 
eMionnllv  fiiund  in  urine  with  a  decidedly  acid  reaction.] 
Jniaiy  DifOOMi  and  their  Troatment,  p^  399. 
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colouring  matter,  and  on  evaporation  left  it  as  a  beautiful  blue  sub- 
stance insoluble  in  water,  but  dissolving  in  ether  with  a  reddish  tint. 
I  can  only  compare  it  to  Braconnot's  cyanourin. 

Rheumatism, 

We  have  already  seen  that  the  blood  in  rheumatism  perfectly  cor- 
responds with  the  blood  in  the  true  inflammations;  hence  we  are  led 
to  infer  that  the  urine  will  also  present  the  inflammatory  type — an 
inference  confirmed  by  experiment 

The  urine  in  acute  rheumatism,  (when  the  reaction  is  accompa- 
nied by  synochal  fever,)  exhibits  in  a  high  degree  those  characters 
of  inflammatory  urine  which  I  have  already  so  often  described.  The 
colour  is  sometimes  deep  purple-red,  like  claret,  Ws  acid  reaction  is 
very  strongly  develbped,  and  very  bulky,  fawn-coloured  or  lateri- 
tious  sediments,  consisting  for  the  most  part  of  urate  of  ammonia, 
but  occasionally  of  crystallized  uric  acid,  are  deposited.  The  extent 
to  which  these  properties  of  the  urine  are  exhibited  depends  upon 
the  violence,  and  the  more  or  less  synochal  character  of  the  fever. 

Vauquelin  and  Henry  found  free  phosphoric  acid,  and  the  latter 
also  free  acetic  acid,  in  the  urine. 

In  chronic  rheumatism  without  fever,  the  characters  of  inflamma- 
tory urine  may  be  altogether  absent,  and  instead  of  the  earthy  sedi- 
ments we  shall  have  merely  a  cloudiness  and  turbidity,  as  1  have  ob- 
served in  my  own  case.  The  urine  which  I  have  passed  during  the 
night  has  frequently  remained  perfectly  clear,  while  that  discharged 
in  the  course  of  the  day  often  formed  only  slight  deposits.  As  the 
urine  in  rheumatism  often  throws  down  sediments  even  at  the  heieht 
of  the  disease,  the  deposits  which  are  formed  can  only  be  regarded 
as  significant  of  a  true  crisis  when  the  supernatant  urine  is  perfectly 
clear.  Eisenmann^  remarks  that  the  properties  of  the  urine  may  un- 
dergo a  change  if  the  disease  continues  for  along  time;  for  instance, 
if  it  should  take  a  hypodynamic  character,  the  urine,  instead  of  being 
acid,  will  assume  an  alkaline  reaction,  and  will  give  ofi*  a  fetid  am- 
inoniacal  odour. 

When  the  disease  takes  on  the  hypodynamic  type,  without  having 
previously  exhibited  a  hyperdynamic  character,  the  urine,  instead  of 
being  red,  is  then,  according  to  Stork's  observations,  pale,  frequently 
thick,  turbid,  and  fetid. 

Becquerel  has  made  quantitative  analyses  of  the  urine  in  several 
cases  of  rheumatism.  He  found  the  relative  proportions  of  the  solid 
constituents  the  same  as  in  inflammation — a  fact  that  had  been  pre- 
viously observed  by  Henry,'  who  found  a  large  amount  of  urea  in 
his  own  urine  during  rheumatic  fever. 

The  urine  of  a  man  aged  30  years  (Anal.  1,)  who  had  been  bled 
for  acute  rheumatism,  was  very  deeply  coloured,  and  on  the  addition 
of  a  little  nitric  acid  threw  down  a  copious  sediment     It  also  threw 

I  Die  Krankbehdamilic  Rhcuma,  p.  5].  ^  Joum.  ilc  Phann.  15,  p.  2S8. 
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down  a  spontaneous  sediment'of  a  reddish  colour  after  standing  for  two 
hours.  The  specific  gravity  was  1017*2.  The  urine  of  the  same 
man  was  analyzed  another  day,  (Anal.  2.)  It  was  of  a  very  dark 
colour,  almost  like  blood,  and  had  a  specific  gravity  of  1018*0.  The 
urine  in  the  third  analysis  was  taken  from  a  man  aged  38  years, 
whose  pulse  was  104  in  the  minute.  It  was  of  a  yellowish-red  co- 
lour, and  threw  down  a  sediment  of  uric  acid  on  the  addition  of  a 
few  drops  of  nitric  acid. 

1.  9.  3. 


Wnter 

971-80 

970-20 

961*10 

SoUd  constituents    - 

28-20 

20-80 

18^ 

Urea       - 

1220 

9-00 

8<K) 

Uiicacid 

1-70 

1-04 

0^ 

Fixed  salts 

5-59 

2-34 

Bztractive  matter 

14-70 

8H)0 

If  we  calculate  the  amount  of  urea  and  of  ufic  acid  in  proportion 
to  100  parts  of  solid  residue,  we  obtain  43g  urea  and  6§  uric  acid 
in  the  first,  but  only  31 J  urea,  and  3*5  §  uric  acid  in  the  second 
analysis;  so  that  in  the  first  analysis  the  physiological  average  is 
exceeded,  while  in  the  second  it  is  not  reached,  at  least  as  far  as  the 
urea  is  concerned. 

In  the  third  analysis  the  numbers  approximate  closely  to  the 
physiological  average,  viz.  42 §  urea  and  2*6§  uric  acid. 

In  eighteen  cases  of  rheumatism,  in  which  the  renal  secretion  was 
examined  by  Bec^uerel,  it  always  assumed  to  a  greater  or  less  degree 
the  characters  of  inflammatory  urine  during  the  continuance  of  the 
fever :  the  very  deep  colour  was  general,  as  also  the  acid  reaction, 
except  in  one  case,  in  which  for  a  single  day  an  alkaline  reaction  was 
observed.  The  mean  specific  gravity  was  1022.6:  in  those  cases 
which  threw  down  a  spontaneous  sediment  it  was  1025*2.  In 
twelve  out  of  the  eighteen  cases,  a  spontaneous  sediment  was  thrown 
down  during  the  febrile  period:  these  sediments  usually  alternated 
with  dark  but  clear  urine,  or  with  urine  that  was  precipitable  by 
nitric  acid. 

Albumen  was  detected  in  seven  of  the  eighteen  cases.  During 
the  period  of  convalescence  the  urine  was  anaemic,  or  returned  to  its 
normal  state. 

J  The  following  analysis  of  the  urine  of  a  man  aged  22  years, 
ering  from  acute  rheumatism,  was  made  by  Dr.  Baumert.^  The 
urine  submitted  to  analysis  was  passed  on  the  fourteenth  day  of  the 
disease.  It  was  of  a  deep  yellowish-brown  colour,  but  perfectly  clear. 
In  the  course  of  twenty-four  hours  it  deposited  a  copious  sediment 
of  urate  of  ammonia,  but  did  not  become  alkaline. 

It  presented  the  normal  degree  of  acidity,  and  its  specific  gravity 
was  1028-3.     It  contained  in  1000  parts : 

Watery 928K»^ 

Solid  coDStitiieiits       ....  71-32 

Urea 18-65 

1  Aitfahr  fiir  phys.  und  pathulog.  Chemie,  vol  1,  p.  45. 
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Uxic  acid   -  -  -  - 

Extractive  matter  with  a  largo  quantity  of 

hydiodilorate  of  ammania 
Fixed  aalta  ... 


\ 


OM 
37-61 
14-20 


The  fixed  salts  contained  no  trace  of  chloride  of  sodium,  the  nor- 
mal amount  of  earthy  phosphates,  a  slight  excess  of  alkaline  phos- 
phates, and  an  augmentation  of  the  sulphates. 

Hippuric  acid  was  sought  for  without  success. 

Oxalate  of  lime  is  of  frequent  occurrence  in  cases  of  acute  rheu- 
matism.] 

In  chronic  rheumatism,  if  the  pains  are  not  very  acute,  and  the 
night's  rest  is  not  disturbed,  the  uHne  retains  its  normal  properties. 
Out  of  thirty-seven  cases  observed  by  Becquerel,  the  urine  remained 
unaffected  in  twenty,  while  in  seventeen  it  assumed  the  inflammatory 
type,  and  in  nine  of  these  threw  down  a  spontaneous  sediment 

Gout. 

I  have  made  four  analyses  of  the  urine  in  two  cases  of  gout,  with 
the  view  of  determining  the  effect  of  benzoic  acid  on  that  se- 
cretion : 


Before 

After 

B<>fore 

After 

administration. 

ditto. 

adrainiftration. 

ditto. 

Anal.  119. 

Anal.  120. 

Anal.  131. 

Anal.  139. 

Water 

976-73 

978-84 

965-25 

962-43 

Sdid  conatituents 

23-27 

21-16 

34-75 

37-57 

Urea 

7-02 

6-10 

9«J 

lOKK) 

Uric  acid 

0-50 

0^ 

0-58 

0-60 

Earthy  phoaphatea     • 

0-35 

-» 

0-28 

— 

Sulphate  of  potash 
Phoaphate  of  aoda 

2-67 

-^ 

2K)8 

— i 

1-60 

— 

4-53 

— 

Hippuric  add 

— 

0-65 

— 

0^9 

If  we  determined  the  per  centage  of  the  urea  and  uric  acid  in  re- 
lation to  the  solid  residue,  we  find  in  the  first  case,  that  before  the 
use  of  benzoic  acid  the  urea  amounted  to  30*16^  and  the  uric  acid  to 
2-14g,and  afterwards  they  amounted  to  28-21g  and  2-22g  respectively. 
In  the  second  case  the  urea  and  uric  acid  amounted  to  26*56§  and  1*66§ 
before  the  use  of  the  acid,  and  26*61§  and  1*59^  afterwards. 

These  analyses  are  insufficient  to  show  that  benzoic  acid  exerts 
any  influence  on  the  amount  of  urea  or  uric  acid.     The  clinical  ex- 

Eeriments  of  Froriep  and  others  indicate,  however,  that  it  is  a  valua- 
le  remedy  in  various  forms  of  arthritis. 
Froriep^  has  published  a  notice  of  twenty  cases  of  gout  and  chronic 
rheumatism   in  which  he  administered  benzoic  acid.     During  the 
first  twenty-four  hours  the  symptoms  are  always  aggravated,  but 
they  usually  subside  on  the  second  day. 

The  Exanthemata. 

In  all  the  acute  exanthemata  the  urine  very  iVequently  presents, 
as  Schdnlein  remarks,  a  peculiar  character,  which  is  due,  in  many 

I  Simon's  Beitrage,  p.  294. 
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cases,  to  an  admixture  of  bile-pigment:  it  has  a  dark-brown  colour, 
and  resembles  badly-fermented  beer  in  appearance.  At  the  com- 
mencement of  the  crisis  the  urine  becomes  clearer,  and  forms  a  pul- 
verulent sediment  consisting  of  uric  acid  (and  perhaps  urate  of  am- 
monia.) 

In  the  fever  which  accompanies  erysipelas,  and  is  usually  of  an 
erethismic  or  synochal  character,  the  urine  is  frequently  loaded  with 
bile-pigment,  and  is  of  a  reddish-brown  or  red  colour.  At  the 
urinary  crisis,  fawn-coloured  precipitates  are  deposited,  and  the 
urine  becomes  clear.     (Schonlein.) 

Becquerel  has  examined  the  urine  in  several  cases  of  erysipelas. 

When  the  erysipelas  is  accompanied  by  fever,  as  is  most  commonly 
the  case,  the  urine  assumes  the  inflammatory  type.  Becquerel  made 
two  quantitative  analyses  of  the  urine  of  a  man  aged  39  years,  who 
had  erysipelas  of  the  face,  and  a  good  deal  of  fever  (pulse  112.) 

The  urine  of  the  first  analysis  was  of  a  deep  yellowish-red  colour, 
and  clear;  its  specific  gravity  was  1021*0. 

The  urine  oi  the  second  analysis  was  so  deeply  coloured  as  to  ap- 
pear almost  black;  it  threw  down  a  reddish  sediment  of  uric  acid, 
and  had  a  specific  gravity  of  1023*1. 

The  first  analysis  was  made  on  the  fourth,  and  the  second  on  the 
sixth  day  from  the  commencement  of  the  disease. 

These  analyses  gave: 

Quantity  of  urine  pasBed  in  24  houra,  in  ounces 
Water         -  -  -  -  . 

Solid  constituenta     -  .  .  . 

Urea 

Uric  acid  .... 

Fixed  salts  .... 

Extractive  matter .... 

In  a  woman  aged  45  years,  with  erysipelas  of  the  face,  whose 
pulse  was  104  and  full,  the  urine  was  very  scanty,  of  a  dark-brown 
colour,  strongly  acid,  threw  down  a  yellow  sediment  spontaneously, 
and  had  a  specific  gravity  of  1023*1. 

It  contained : 


Anal.  1. 

Aaal.S. 

27-0 

3(M 

965-5 

961-9 

34-5 

38-1 

12-5 

12*7 

1*2 

1-3 

•            — 

&2 

.— 

15-9 

Water 

Solid  constituents 

TJrea 

Uric  acid     • 

Fixed  salts  - 

Extractive  matters 


961-7 

38-3 

11*7 

1-3 

9-2 

15-7 


In  five  cases  in  which  the  morning  urine  was  daily  examined  with 
care,  the  characters  of  inflammation  were  present  in  a  very  high  de- 
gree: the  specific  gravity  varied  from  1021  to  1025.  In  four  of  these 
cases  the  urine  threw  down  a  reddish  sediment,  and  in  two  a  little 
albumen  was  occasionally  present. 

In  scarlatina,  the  urine  at  the  commencement,  while  there  is  con- 
siderable fever,  is  of  a  deep  dark-red  colour,  and  possesses  all  the 
Properties  of  inflammatory  urine. 
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In  children  the  urine  is  always  less  coloured  than  in  adults,  and 
its  colour  in  this  disease  is  proportionally  less  dark. 

It  almost  always  has  an  acid  reaction,  and  only  exhibits  a  tendency 
to  become  rapidly  ammoniacal,  when  the  disease  is  associated  with 
a  nervous  or  septic  condition  of  the  system.  Any  sediments  that 
may  be  formed,  consist,  for  the  most  part,  of  urate  of  ammonia  and 
uric  acid  mixed  with  a  greater  or  less  quantity  of  mucus:  blood-cor- 
puscles are  occasionally  noticed.  When  the  urine  is  ammoniacal, 
viscid  whitish  sediments  of  the  earthy  phosphates  are  deposited,  and 
if  there  is  much  gastric  disturbance  the  urine  becomes  jumentous. 
Albumen  is  commonly,  but  not  always  found  in  the  urine  during  the 
period  of  desquamation.  Dropsy  may  even  supervene  without  the 
urine  becoming  albuminous:  it  is  sometimes  preceded  by  the  occur- 
rence of  haematuria. 

Becquerel  found  that  the  urine  during  the  febrile  period  was  ge- 
nerally very  high-coloured,  and,  if  severe  angina  was  present,  was 
very  acid,  and  was  either  turbid,  or  became  so  on  the  addition  of  an 
acid:  it  frequently  also  formed  a  gray  or  later! tious  sediment,  and 
the  presence  of  a  small  quantity  of  albumen  was  by  no  means  rare. 
Becquerel  only  observed  blood  in  the  urine  in  the  single  case  of  a 
child  five  and  a  half  years  old,  who  was  attacked  with  anasarca.  In 
a  girl  whose  nervous  system  was  very  much  deranged  during  the 
period  of  the  febrile  ^invasion,  the  urine  was  very  deeply  coloured, 
turbid,  and  deposited  on  the  sides  of  thelvessel  a  copious  precipitate 
of  a  bright  red  colour.  The  sediment  disappeared  when  the  erup- 
tion was  fully  established.  Blood  was  frequently  observed  in  the 
urine  when  there  were  symptoms  of  impending  dissolution  during 
the  nervous  form  of  scarlatina;  the  quantity  was  sometimes  very 
considerable,  and  the  corpuscles  could  be  readily  detected  by  the 
microscope.     The  appearance  of  blood  in  this  state  must  be  distin- 

Suished  from  that  in  which  it  arises  from  a  renal  afiection  (Bright's 
isease)  in  which  Becquerel  has  frequently  observed  it,  and  where, 
in  the  fatal  cases,  the  existence  of  Bright's  disease  was  proved.  The 
amount  of  albumen  in  the  urine  is,  in  these  cases,  constant,  and 
larger  than  is  frequently  found  in  inflammatory  diseases,  without  the 
occurrence  of  any  simultaneous  dropsical  symptoms.*  During  the 
period  of  desquamation  symptoms  of  dropsy  frequently  supervene, 
and  the  urine  often  contains  albumen,  in  larger  amount  and  more 
continuously  than  is  usually  the  case  in  inflammations. 

The  observations  regarding  the  presence  of  albumen  during  the 
period  of  desquamation  after  scarlatina  are  so  contradictory  that  it 
has  become  a  matter  of  very  great  interest  to  settle  these  conflicting 
statements  by  further  researches.  We  have  dropsical  symptoms 
ivith  albuminuria,  dropsical  symptoms  without  albuminuria,  and  al- 
buminuria without  dropsical  symptoms.  Solon  found  albumen  in 
the  urine  in  twenty-two  out  of  twenty-three  cases  of  scarlatina.     On 

1  When  the  mine  contains  no  Uood-corpnadci  visible  fay  the  microecope,  diasolTed  hemato- 
globulin  may  be  preaent,  whkh  can  be  fatimatrd  in  the  manner  deacribed  in  p^  43G. 
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the  other  hand,  Philipp*  observed,  in  Berlin,  where  scarlatina  was 
recently  very  prevalent,  and  anasarca  could  not  be  warded  ofi^  at 
least  sixty  cases  in  which  the  urine  was  tested  both  with  heat  and 
nitric  acid,  and  no  trace  of  albumen  could  be  detected. 

In  two  cases  of  scarlatina  that  were  being  treated  in  Romberg's 
clinical  ward  for  children,  and  in  which  there  were  no  dropsical 
symptoms,  1  could  find  no  albumen.  In  the  case  of  a  man  aged  20 
years,  which  occurred  in  Schonlein's  clinical  wards,  the  urine  was 
very  albuminous  during  the  period  of  desquamation,  and  continued 
so  for  four  days  without  the  occurrence  of  dropsy;  in  another  man, 
in  whose  urine  I  found  no  albumen,  there  were  also  no  dropsical 
symptoms. 

In  a  boy  aged  5  years,  who  was  sufiering  from  septic  scarlatina 
just  then  at  its  acme,  (putrid  odour  from  the  mouth  and  nose,  and  dis- 
turbance of  the  cerebral  faculties,)  the  urine  was  of  a  dark-yellow 
colour,  had  an  alkaline  reaction,  a  very  disagreeable  ammoniacal  odour, 
and  threw  down  a  dirty  white  sediment  of  earthy  phosphates,  urate 
of  ammonia,  and  urate  of  soda; — the  latter  occurring  in  the  form  of 
opaque  globules.  The  specific  gravity  was  1022,  and  about  16 
ounces  were  discharged  in  the  course  of  twenty-four  hours.  There 
were  contained  in  1000  parts: 

Analyiif  1S3. 

Water 943^ 

Solid  consUtuents      ....         56*40 

Urea 19-35 

Uric  acid   -  ...  -  1*09 

The  uric  acid  was  combined  with  ammonia  and  soda.  I  examined 
the  urine  of  the  same  boy  afterwards,  and  found  that  it  possessed 
precisely  similar  characters:  it  was  of  a  straw-colour,  had  an  alkaline 
reaction,  and  an  ammoniacal  odour;  the  sediment  was  more  copious 
than  on  the  former  occasion,  and  there  were  considerably  more  of 
the  large  opaque  globules,  which  I  consider  to  be  urate  of  soda. 
During  the  period  of  desquamation  I  found  a  greater  number  of 
mucus-corpuscles  in  the  sediment  than  is  usual,  but  nitric  acid  gave 
no  indication  of  albumen.  The  urine  above  the  sediment  remained 
turbid  in  consequence  of  holding  in  suspension  a  very  large  quantity 
of  epithelium,  which  was  swimming  about,  partly  in  single  scales, 
and  partly  in  fragments  of  8-12  scales  connected  with  each  other, 
and  all  of  which  were  acted  on  by  some  chemical  agent,  probably  by 
the  carbonate  of  ammonia  in  the  urine. 

This  sediment  should  always  be  sought  for  with  as  much  care  as 
albumen.  It  is  an  indication  of  the  desquamation  of  the  mucous 
membrane,  and  is  frequently  a  precursor  of  the  desquamation  of 
the  cuticle.  The  tubes  described  as  occurring  in  Bright's  disease 
are  occasionally  found  in  this  form  of  sediment. 

In  variola  and  varicella  the  urine  changes  with  the  various  stages 
of  the  disease,  and  with  the  nature  of  the  fever  which  is  present 

>  Casper^s  Wocbenschrift,  1840;  Na  35. 
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Urine  of  a  synochal  character  is,  however,  often  met  with, 
especially  during  the  first  stage  of  the  disease,  when  the  fever  has  a 
synochal  type. 

Becquerel  examined  the  urine  of  eleven  persons  with  variola,  and 
of  ten  with  varicella.  In  a  case  of  varicella  in  which  the  early 
symptoms  (les  prodromes)  were  extremely  severe,  the  urine  was 
passed  in  very  small  quantity,  of  a  deep  red  colour,  and  a  specific 
gravity  of  1022-7. 

In  a  case  of  varicella  in  which  the  early  symptoms  were  scarcely 
perceptible,  the  urine  remained  normal.  Schonlein  states  that  in 
the  first  stage  of  this  disease  the  urine  is  often  as  limpid  as  in  hyste- 
ria. During  the  eruptive  stage,  the  state  of  the  urine  depends  upon 
the  intensity  of  the  fever  which  accompanies  the  appearance  of  the 
exanthema. 

In  five  out  of  the  eleven  cases  of  variola  observed  by  Becquerel, 
the  symptoms  accompanying  the  eruption  were  very  severe;  the 
urinary  secretion  was  diminished,  and  amounted  on  an  average  to 
only  23-5  ounces  in  twenty-four  hours.  The  specific  gravity  had 
not,  however,  increased  so  much  as  might  have  been  supposed, 
being  only  1020*6.  It  frequently  threw  down  uric-acid  precipitates, 
either  spontaneously,  or  on  the  addition  of  nitric  acid,  and  in  one  case 
a  little  albumen  was  observed. 

M .  Solon  found  the  urine  coagulable  in  five  out  of  eleven  cases  of 
variola.  When  the  inflammatory  symptoms,  during  the  eruption  are 
slight,  the  urine  hardly  differs  from  the  normal  state.  During  the 
suppurative  stage  of  variola,  Becquerel  observed  that  the  urine  re- 
tained the  synochal  character  as  long  as  the  febrile  symptoms  con- 
tinued, in  all  the  eleven  cases.  In  three  of  these  cases  which 
terminated  fatally,  it  continued  in  this  state  to  the  last 

During  the  period  of  desquamation  the  urine  is  either  normal  or 
anaemic.  Becquerel  states  that  although  the  urine  during  desqua- 
mation after  variola  resembles,  in  its  chemical  constitution,  the  urine 
during  desquamation  after  varicella,  it  differs  in  respect  to  colour,  the 
former  being  of  a  greenish,  the  latter  of  a  yellowish  tint.  According 
to  Schonlein,  in  the  first  stage  of  variola  it  is  of  a  reddish  brown 
tint;  on  the  third  or  fourth  day  a  sweat  of  a  peculiar  and  strong 
odour  is  observed,  and  the  urine  contains  a  turbid,  apparently  puru- 
lent, mucous  sediment,  of  an  unpleasant  odour. 

During  the  period  of  suppuration,  sediments,  and  frequently  puru- 
lent mucus,  are  thrown  down. 

In  the  nervous  form  of  variola  the  urine  is  even  more  changeable, 
being  sometimes  spastic,  and  sometimes  dark.  In  the  putrid  form 
the  urine  appears  decomposed,  ammoniacal,  and  not  unfrequently  of 
a  dark  red  colour  from  the  presence  of  haematin. 

Scrofulosis. 

The  urine  of  children  with  the  scrofulous  diathesis  differs  consi- 
derably in  the  majority  of  cases  from  the  normal  secretion.     It  is 
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usually  pale,  but  if  there  is  much  vascular  excitement  it  becomes 
more  or  less  deeply  coloured;  its  specific  gravity  is  lower  than  in  a 
state  of  health,  and  in  many  cases  it  is  much  more  acid  than  the 
urine  of  children  is  generally  observed  to  be;  it  has,  however,  been 
found  neutral.^  I  have  found  the  urine  of  rickety  children  only 
slightly  acid,  and  once,  after  it  had  been  passed  some  hours,  it  bad 
an  alkaline  reaction.  There  are  differences  of  opinion  with  regard 
to  the  nature  of  the  free  acid ;  some  state  that  it  is  phosphoric  acid, 
others  hydrochloric  acid,  while  others,  again,  are  of  opinion  that  it  is 
lactic  acid.  The  urea  and  uric  acid  are  frequently  found  to  exist  in 
a  diminished  proportion;  on  the  other  hand,  the  salts,  especially  the 
phosphates,  arc  increased;  moreover,  we  not  unfrequcntly  find  in 
the  urine  of  scrofulous  children  an  acid  which  is  foreign  to  the  nor- 
mal organism,  viz.  oxalic  acid. 

According  to  Schonlein,  the  principal  chemical  changes  in  the 
urine  of  scrofulous  persons  consist  in  the  diminution  of  the  nitroge- 
nous constituents, — the  uvea  and  uric  acid,  and  in  the  apf>earance  of 
the  non-nitrogenous  oxalic  acid,  and  occasionally  but  more  rarely  of 
benzoic  acid.  The  acids  are  frequently  so  abundant  that  the  urine, 
upon  cooling,  deposits  copious  sediments  of  the  oxalates,  and  these 
sediments  sometimes  form  renal  and  vesical  calculi  within  the  orga- 
nism itself.  The  frequent  occurrence  of  oxalate-of-lime  or  mulberry 
calculi  in  children  is  well  known;  indeed,  Prout  is  of  opinion  that 
half  the  stone-cases  occur  before  the  full  age  of  puberty. 

Becquerel  has  examined  the  urine  in  many  cases  of  scrofula,  in 
some  of  which  it  showed  itself  in  the  form  of  caries,  necrosis,  &c; 
while  in  others  it  appeared  in  suppuration  of  the  glands.  A  number 
of  these  children  were  in  an  anaemic  state,  while  others  were  apparently 
in  good  condition ;  in  the  former  cases  the  urine  was  anaemiCi  in  the 
latter  it  was  normal.  The  specific  gravity  varied  from  1010  to  1022. 
The  lowest  specific  gravity  occurred  in  the  anaemic  cases.  The 
colour  was  lighter  than  that  of  normal  urine,  and  was  frequently  of  a 
greenish  tinge;  the  degree  of  acidity  varied  extremely,  the  urine  fre- 
quently becoming  alkaline  after  a  very  short  time.  No  uric-acid 
sediments  were  observed,  either  spontaneous,  or  after  the  addition  of 
an  acid.  When  febrile  symptoms  were  combined  with  those  of 
scrofula,  the  urea  approximated  to  the  inflammatory  type;  its  specific 
gravity  became  higher,  (the  average  of  twelve  cases  being  1026,) 
the  colour  deeper,  it  had  a  very  acid  reaction,  and  threw  down  a  se- 
diment of  uric  acid. 

In  scrofulosis  of  the  osseous  tissue  or  rachitis,  the  urine  varies  very 
much  in  its  composition  from  the  normal  type.  These  deviations 
principally  consist  in  the  diminution  of  urea  and  of  uric  acid^  and  in 
the  increase  of  the  salts.  The  colour  of  the  urine  is  generally  either 
pale,  or  else  it  differs  but  little  from  the  normal  appearance;  the  free 
acid  sometimes  increases  to  an  extraordinary  degree,  and  some 
(Fourcroy)  maintain  that  it  is  free  phosphoric  acid.     The  phosphates 

\  Staik  Allg.  Patbolog.  p.  1147. 
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exceed  the  physiological  average,  and  moreover  a  considerable  sedi- 
ment of  oxalate  of  lime  is  by  no  means  rare.  This  extraordinary 
and  morbidly-increased  capacity  of  the  kidneys  for  the  removal  from 
the  blood  of  those  salts  which  are  so  essential  for  the  structure  of 
the  osseous  tissue,  and  the  consequent  tendency  to  the  formation  of 
calculi  in  rachitic  children,  is  regarded  by  Walther  as  a  vicarious 
act  of  the  kidneys  in  connexion  with  the  formation  of  bone. 

The  urine  of  a  child  aged  5  years,  who  was  being  treated  for 
rachitis  in  Romberg's  clinical  ward  for  children,  was  sent  to  me  for 
analysis.  It  was  of  a  pale-yellow  colour,  turbid  and  neutral;  its 
specific  gravity  was  1011.  As  the  determination  of  the  salts  was 
the  principal  object  that  I  had  in  view,  it  was  allowed  to  stand  for 
two  days  before  the  analysis  was  undertaken;  hence  the  determina- 
tion of  the  urea  may  not  have  been  perfectly  accurate.  The  urine 
in  the  other  analysis  was  passed  by  children  aged  3  and  4  years 
respectively.  It  was  much  about  tfie  same  colour  as,  or  perhaps 
rather  darker  than  in  the  first  case,  was  slightly  acid,  and  the  specific 
gravity  varied  from  1015  to  1020. 

The  proportion  of  the  most  important  constituents  was  found  as 
follows: 

Woler 

Solid  coostitQcnts 
Uiea 
Uric  add 
Fixed  flBlts 
PhoHihato  of  soda 
Sulphate  of  potash 
£8rthy  pho^ihates 

On  calculating  the  ratios  of  these  constituents  to  100  parts  of  solid 
residue,  and  comparing  them  with  those  that  occur  in  healthy  urine, 
we  find  that  the  quantity  of  urea  has  considerably  decreased,  while 
that  of  the  salts  is  increased.  In  analyses  124, 126, 127,  the  increase 
of  the  fixed  salts  is  very  considerable,  especially  of  the  phosphate  of 
soda  and  earthy  phosphates.  In  analysis  125  this  increased  ratio Js 
less  striking.     100  parts  of  solid  residue  contain: 

Anal.  134.  Anal.  135.  Ana].  126.         Anal.  137.     Nonnal  Urine. 

Urea      -           -  16-1  21-2  17-6 

Uric  add            -  —  0«  1*0 

Fixed  suits          -  39-4  27*3  41*8 

Phosphate  of  soda  130  12'7  12*1 

Eaxlhy  phosphates        2^  1*6  1*6 

Su!{i^  of  potadi         8-7  &7  3*6 

In  order,  however,  to  arrive  at  a  correct  conclusion  from  these 
figures,  we  must  bear  in  mind  that  the  urine  of  children  naturally 
contains  a  less  proportion  of  urea  and  of  salts  than  the  urine  of  adults. 

In  osteomalacia  the  urine  is  much  the  same  as  in  rachitis;  it  is  very 
acid,  and  often  contains  an  excessive  amount  of  earthy  phosphates. 

[Marchand*  analyzed  the  urine  of  a  child  with  osteomalacia  three 

1  The  uric  acid  was  not  detcnnined. 

<  Lehxbuch  der  phyriolog.  Chsmie,  p.  338. 
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Anal.  194. 

Anal.  1S5. 

Anal.  196. 

Anal.  1S7. 

078*40 

968*50 

964-90 

962«0 

21-60 

31-00 

35*10 

37^20 

3-50 

6-70 

6-17 

7-36 

(0 

0^ 

0-35 

0-26 

8*53 

8^ 

14*71 

16*70 

2-82 

4*01 

4-27 

3*74 

1-90 

1-80 

1-31 

1*80 

048 

0^2 

O'Se 

— 

]9« 

390 

07 

1*5 

44-8 

2&0 

10*0 

lOO 

._ 

1*5 

4-8 

&0 
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days  before  its  death.    The  fluid  was  invariably  acid,  and  contained 
in  1000  parts: 


Water 

Solid  oooftitaeiiti 

Urea  ... 

Uric  add      ... 

Lactic  acid  and  bctatea 

Phoiphatoa  of  lime  and  magneiia 

OttkBT  lubilaDceay  and  kw     - 


938*11 
01-8 
27-3 

0^ 
14-2 

&7 
13-7 


The  earthy  phosphates,  in  this  instance,  are  five  or  six  times  as 
abundant  as  in  health.  In  one  of  the  cases  recorded  by  Mr.  Solly,^ 
there  was  found  in  the  urine  between  three  and  four  times  the 
amount  of  phosphate  of  lime  that  occurs  in  the  healthy  secretion.] 

Jkibercular  pulmonary  phthisis. 

In  tubercular  phthisis  the  urine  varies  in  accordance  with  the  pro- 
gress of  the  disease  and  the  degree  of  fever  which  is  present.  I 
have  observed  in  the  majority  of  cases  that  after  the  febrile  symp- 
toms have  become  continuous  the  urine  has  assumed  the  inflamma- 
tory type;  that  is  to  say,  it  is  not  so  deeply  coloured  as  at  the  height 
of  acute  inflammation,  but  it  is  of  a  yellowish-brown  colour,  has  a 
tolerably  acid  reaction,  and  is  above,  or  at  any  rate  attains  the  ordi- 
nary specific  gravity. 

In  the  early  stages  of  the  disease  I  have  not  found  the  urine  to 
difier  much  either  in  colour,  density,  or  acidity  from  the  normal 
secretion.  I  have  only  observed  that  form  of  urine  to  which  the 
term  anaemic  has  been  applied  when  considerable  haemoptysis  has 
occurred  in  the  second  or  third  stage.  After  haemoptysis  the  urine 
is  generally  turbid,  and  for  the  first  day  or  two  throws  down  slight 
sediments  of  urate  of  ammonia;  it  afterwards  becomes  pale  and  clear, 
and  continues  acid,  gradually  returning  to  its  normal  state.  When 
the  febrile  symptoms  become  continuous  and  the  colliquative  stage 
has  fairly  commenced,  I  have  found  the  urine  approximate  in  its 
.composition  to  the  urine  of  inflammation. 

Becquerel  has  examined  the  urine  in  a  great  number  of  phthisical 
cases.  When  the  disease  is  progressing  beyond  the  first  stage,  the 
urine  is  often  of  higher  specific  gravity,  darker,  and  secreted  m  less 
quantity  than  usual, — a  symptom  that  the  tubercles  are  extending, 
and  that  a  state  of  continuous  fever  is  supervening.  The  subsequent 
phenomena  of  the  morning  sweats  and  colliquative  diarrhoea  further 
contribute  to  the  concentration  of  the  urine.  When,  however,  a  state 
of  decided  asthenia  has  been  brought  on  by  these  extraordinary  drains 
upon  the  system,  it  rapidly  assumes  opposite  properties,  and  becomes 
anaemic.  Thus  the  urine  of  a  woman,  in  whom  the  tubercles  were 
beginning  to  soften,  and  who  had  at  the  same  time  certain  symptoms  of 
disease  of  the  heart,  was  found  by  Becquerel  to  amount  to  20  ounces 
in  twenty-four  hours.    It  was  of  a  deep  yellow  colour,  threw  down 

1  TmuftcdflOf  of  die  Medioo-Ghirajg.  Society,  p.  448, 1844. 
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a  sediment  of  uric  acid^  had  a  specific  gravity  of  1022*2,  and  1000 
parts  contained  36*5  of  solid  residue. 

In  a  woman  in  the  third  stage  of  phthisis  with  great  prostration  of 
strength,  the  urine,  three  days  before  her  death,  was  of  a  deep  colour, 
acid,  and  threw  down  a  spontaneous  sediment  The  specific  gravity 
was  1014*7,  and  16*2  ounces  were  discharged  in  twenty-four  hours. 
1000  parts  contained: 

Water 975-95 

Solid  constituents         ....  34*05 

Urea 900 

Uric  acid      .....  1«25 

In  another  precisely  similar  case  the  urine,  three  days  before  death, 
was  of  a  deep  colour,  acid,  and  threw  down  a  sediment  spontaneously. 
The  specific  gravity  was  1014*7,  and  there  were  only  7*2  ounces 
passed  in  twenty-four  hours. 

1000  parts  contained  24*25  of  solid  residue,  of  which  9*01  was 
urea,  and  2*2  uric  acid.  In  the  first  of  these  cases  the  urea  amounted 
to  37*4g  of  the  solid  residue,  and  the  uric  acid  to  5*1  §;  in  the  second 
the  urea  amounted  to  37*2§,  and  the  uric  acid  to  9^, — proportions 
which,  as  far  as  the  amount  of  urea  is  concerned,  approximate  to 
those  of  inflammatory  urine. 

An  analysis  of  the  urine  of  a  man  aged  30  years,  who  was  in  the 
colliquative  stage  of  tubercular  phthisis,  gave  very  similar  results, 
except  as  regards  the  specific  gravity. 

The  urine  was  brown  and  turbid,  had  a  very  acid  reaction,  and 
deposited  a  purulent-looking  yellow  sediment  of  urate  of  ammonia. 
The  specific  gravity  was  1026*6. 

1000  parts  contained: 

Analysis  198. 
Water 935-92 


Solid  constituents 
Urea 
Uric  acid 
Fixed  salts   - 


64-08 

23-90 

2-40 

10-65 


Of  these  10*85  parts  of  fixed  salts  1*3  were  earthy  phosphates,  and 
the  sulphates  formed  only  a  small  part.  The  urea  amounted  to 
37-3g,  and  the  uric  acid  to  3*7$  of  the  solid  constituents,  the  urea 
being  as  nearly  as  possible  the  same  as  in  Becquerel's  analyses. 

The  increase  of  uric  acid  is  of  great  interest;  it  is  particularly 
striking  in  Becquerel's  analyses:  other  observers  have  noticed  this 
fact  in  adults  suffering  from  tubercular  phthisis,  and  Schonlein,  more- 
over, has  directed  attention  to  it 

[I  am  indebted  to  Dr.  Golding  Bird  for  the  following  case.  A 
man  aged  24  years,  in  the  early  stage  of  phthisis,  (tubercular  deposi- 
tions, but  no  cavities,}  passed,  in  the  course  of  twenty-four  hours, 
forty -five  ounces  of  urine  of  specific  gravity  1020. 

The  water  amounted  to    -           -           -           -  19125  grains. 

Thesolids 936 

Urea               -           -           .           -           .  388^ 

Uric  acid         -----  4^] 
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In  renal  and  vesical  phthisis  the  urine  contains  a  greater  or  less 
quantity  of  pus. 

It  is  usually  pale,  turbid,  and  very  quickly  takes  on  an  alkaline 
odour,  especially  in  phthisis  vesicae,  in  which,  even  on  emission,  it 
is  ammoniacal,  and  of  an  unpleasant  odour.  The  pus  is  sometimes 
mingled  with  blood.  That  the  clear  filtered  urine  always  contains 
albumen  may  be  shown  by  the  addition  of  nitric  acid,  or  by  the 
application  of  heat 

The  urine  immediately  on  its  discharge  is  turbid,  but  on  being 
allowed  to  rest,  the  pus  separates  in  a  clearly  defined  layer  at  the 
bottom;  on  shaking,  it  easily  mixes  again  with  the  urine,  and  if  that 
fluid  have  an  alkaline  reaction  the  pus  becomes  tough  and  fibrous. 
Pus-corpuscles  may  be  detected  by  the  microscope,  and  if  the  urine 
has  an  alkaline  reaction,  they  will  be  mixed  with  crystals  of  the 
ammoniaco-magnesian  phosphate  and  with  an  amorphous  precipitate 
of  phosphate  oi  lime. 

In  order  to  determine  with  certainty  whether  a  urinary  sediment 
consists  of  mucus  or  of  pus,  urine  which  has  been  just  discharged 
should  be  eiamined:  the  rapid  descent  of  the  pus-corpuscles  from 
urine  which  is  turbid  at  the  period  of  its  discharge,  and  the  forma- 
tion of  a  sediment  which  is  frequently  discoloured,  or  mixed  with 
blood,  together  with  the  presence  of  a  considerable  amount  of  albu- 
men in  the  urine,  leave  no  doubt  respecting  the  diagnosis.  (See 
page  447.) 

Diabetes  mellittis. 

In  diabetes  mellltus  it  is  well  known  that  the  urine  undergoes  a 
very  peculiar  change;  it  contains  a  certain  quantity  of  sugar,  which 
in  its  ultimate  constitution  is  perfectly  identical  with  grape-sugar, 
and  in  consequence  of  which  the  urine  possesses  the  property  of 
deflecting  the  polarized  ray  to  the  right  Diabetic  urine  difiers 
moreover  In  its  physical  relations  from  the  normal  secretion;  it  is 

Caler,  has  a  turbid  wheyish  appearance  with  a  greenish  tinge,  and  a 
igher  specific  gravity, — according  to  Willis,  from  1025  to  1055. 
Henry  drew  up  a  table  for  the  determination  of  the  solid  consti- 
tuents of  diabetic  urine  by  the  mere  application  of  the  urinometer. 
The  results,  as  far  as  my  experience  goes,  come  sufficiently  near  to 
the  truth  to  give  fair  approximate  values  to  the  solid  residue  from 
the  specific  gravity.  G.  O.  Rees  recommends  the  table,  having  con- 
firmed it  by  his  own  experiments;  I  have  somewhat  extended  its 
limits,  and  shall  give  it  here. 


ec.  Rrav. 

Solid  re^iidae 

"^^JSf^^ 

Solid  reftldtM 

&t60\ 

in  1000  partf. 

in  1000  parU. 

1005 

11-7 

1012 

29-2 

1006 

142 

1013 

31-7 

1007 

16-7 

1014 

34-2 

1008 

19-2 

1015 

36-7 

1009 

21-7 

lOlG 

39^ 

1010 

24-2 

1017 

41-7 

1011 

26-7 

1018 

44-2 
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1019 

46-7 

1036 

8&4 

1020 

49-2 

1036 

BS-8 

1021 

51-6 

1037 

91*3 

1022 

54-1 

1038 

93'6 

1023 

56-7 

1039 

96-3 

1024 

59-1 

1040 

98-7 

1025 

6] -6 

1041 

101-2 

1026 

64-0 

1042 

103^ 

1027 

66-5 

1043 

10&2 

1023 

69-1 

1044 

108-7 

1029 

71-5 

1045 

IIM 

1030 

73-9 

1046 

113-6 

1031 

76-4 

1047 

116-1 

1032 

78-8 

1048 

118-7 

1033 

81-4 

1049 

121-2 

1034 

83-9 

1050 

123-6 

[In  my  paper*  on  the  specific  gravity  of  the  urine  in  health  and 
disease  (founded  on  200  observations,)  I  have  shown  that  Christison's 
formula,  A  X  2*33,  gives  more  correct  results  than  the  above  table. 
A  indicates  the  excess  of  the  specific  gravity  over  1000.  Thus, 
supposing  it  is  desired  to  ascertain  the  amount  of  solid  matter  in 
1000  parts  of  urine  whose  specific  gravity  is  1035,  A  is  here  repre- 
sented by  35,  and  35  X  2*33  =  81*55,  the  required  number.] 

According  to  Schonlein  there  is  no  sugar  in  the  urine  in  the  first 
stages  of  the  disease,  but  albumen;  and  as  the  albumen  subsequently 
disappears,  the  formation  of  sugar  in  the  urine  commences. 

The  quantity  of  urine  increases  in  an  extraordinary  degree. 
P.  Frank  mentions  a  case  in  which  fifty-two  pounds  were  discharged 
durine  twenty-four  hours.  According  to  Bouchardat,  the  average 
quantity  discharged  in  the  course  of  the  day  amounts  to  from  ten  to 
seventeen  pounds. 

Opinions  regarding  the  composition  of  the  urine  are  very  contra- 
dictory, and  sufficient  analyses  have  not  yet  been  instituted  to  enable 
us  to  regard  any  one  view  as  positively  correct.  Some  assert  that 
.  as  the  sugar  increases  in  the  urine  the  urea  and  uric  acid  decrease, 
while  others  maintain  that  although  the  absolute  quantity  of  urea  in 
a  given  amount  of  urine  is  actually  diminished,  yet  that  on  account 
of  the  large  quantity  of  urine  discharged,  the  amount  of  urea  is  not 
less  than,  and  in  fact  exceeds  the  normal  average. 

Thus  McGregor  shows  that  the  urine  of  twenty-four  hours  in  one 
case  of  diabetes  contained  1013  grains  of  urea;  in  another  case  he 
found  945  grains,  in  a  third  810  grains,  and  in  a  fourth  512  grains, 
whereas,  according  to  the  same  authority,  the  quantity  excreted  by  a 
healthy  person  in  twenty-four  hours  does  not  exceed  from  362  to  428 
grains.  Kane  also  found  in  diabetic  urine  as  large  a  proportion  of 
urea  as  in  the  normal  secretion.  My  own  analyses  certainly  tend  to 
show  that  the  ratio  of  urea  to  the  solid  residue  ig  always  much  less  than 
in  health,  and  that  this  ratio  is  diminished  in  proportion  to  the  increase 
in  the  quantity  of  the  sug3r ;  bearing  in  mind,  however,  the  increased 
secretion  of  urine,  it  is  very  possible  that  in  some  cases  the  urea  is 

1  Lancet,  June  15, 1844. 
44* 
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not  absolutely  diminished :  the  apparent  connexion  between  the  urea 
and  the  sugar  may  then  be  simply  explained  by  the  mere  increase  of 
the  sugar,  which,  by  increasing  the  solid  residue,  causes  a  relative 
diminution  of  the  urea.^  The  same  is  probably  the  case  with  respect 
to  the  uric  acid ;  when  no  crystals  of  uric  acid  are  separated  after  the 
addition  of  free  hydrochloric  or  nitric  acid  to  diabetic  urine,  the 
cause  may  lie  in  the  proportion  of  water  being  so  large  as  to  retain 
the  uric  acid  in  solution.  I  have  frequently  observed  this  to  be  the 
case,  for  on  the  addition  of  free  hydrochloric  acid  to  the  urine  no 
uric  acid  has  been  separated,  when  upon  treating  that  portion  of  the 
residue  of  the  urine  which  is  insoluble  in  alcohol  with  nitric  acid,  I 
have  always  obtained  the  red  colour  which  is  characteristic  of  uric 
acid.  Becqucrel,  however,  has  observed  a  spontaneous  sediment  of 
uric  acid  thrown  down  by  diabetic  urine. 

[In  this  country  a  sediment  of  uric  acid  is  by  no  means  rare;  I 
have  observed  it  in  at  least  six  cases,  usually  in  the  form  of  bright 
yellow  lancet-shaped  crystals.] 

I  have  observed  cases  in  which  I  have  convinced  myself  that  the 
absolute  quantity  of  urea  was  diminished. 

A  man  aged  52  years,  treated  for  diabetes  mellitus  In  our  hospital 
did  not  pass  more  than  from  two  to  two  and  a  half  quarts  of  urine 
in  the  twenty-four  hours.  In  its  external  appearance  it  was  perfectly 
normal;  it  contained,  however,  8-6 J  of  sugar,  and  only  0-026§  of 
urea,  so  that  while  a  healthy  man  excretes  about  an  ounce  of  urea  in 
the  twenty-four  hours,  in  this  case  there  were  only  thirteen  grains 
excreted  in  an  equal  time.  In  another  man  who  was  being  treated 
by  Dr.  Lehwess,  and  who  indulged  freely  in  sugared  drinks,  the 
quantity  of  urine  in  twenty-four  hours  amounted  to  between  four 
and  five  quarts,  and  contained  mere  traces  of  urea.  The  urine  was 
very  pale  and  turbid,  its  specific  gravity  was  only  1018,  and  it  con- 
tained 4-2j  of  solid  residue,  3*9  of  which  were  sugar.  ^After  the 
discontinuance  of  the  sugar,  and  the  adoption  of  a  proper  diet,  the 
specific  gravity  became  lower  and  the  unne  contained  as  much  urea 
as  constituted  a  fifth  part  of  the  solid  residue:  the  sugar  had  also  de- 
creased to  one  half  its  original  amount  Subsequently  the  sugar  al- 
most entirely  disappeared  from  the  urine;  the  urea,  on  the  other 
hand,  had  increased  to  such  an  extent  as  to  constitute  a  third  part  of 
the  solid  residue. 

Bostock  is  of  opinion  that  diabetes  mellitus  is  not  unfrequently 
preceded  by  a  diseased  condition,  (in  fact  a  kind  of  diabetes,)  during 
which  a  large  quantity  of  urine  very  rich  in  urea  is  excreted.     As 

*  In  connexion  with  this  suhjcct,  we  may  refer  to  the-expcriments  of  Henry.  On  nmdng 
the  residue  of  six  quarts  of  diabetic  urine  with  the  lesiduo  of  one  quart  of  beiltby  urine,  and 
adding  nitric  acid,  only  a  smaS  auanti^  of  nitrate  of  uiea  was  obtconed  alter  the  mixtuie  had 
stood  for  twenty-four  hours;  and  on  mixing  the  reodue  of  cig^t  quarts  of  diabetic  urine  with 
that  of  one  quart  of  healthy  urine,  and  treating  it  m  a  similar  manner,  not  a  crystal  of  nitrate 
of  urea  could  be  observed  after  it  had  stood  for  forty-eight  hours.  Hence  it  is  indiqpensBbly 
requisite  that  the  sugar  should  be  first  removed  (as  completely  as  possible)  before  we  attempt 
to  determine  the  urea. 
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the  diabetes  becomes  developed  the  urea  gradually  dimiDishes  as  the 
susar  increases. 

Willis^  states  that  the  urine  is  occasionally  rather  turbid  on  emis- 
sion, and  has  then  been  found  to  contain  a  quantity  of  albuminous 
matter  in  the  caseous  form. 

According  to  Schonlein  the  urine  during  the  early  stage  of  dia- 
betes contains  albumen,  and  in  proportion  to  its  increase  the  urea 
diminishes:  in  the  second  stage  the  albumen  disappears  either  totally 
or  partially,  and  sugar  takes  its  place.  1  have  only  detected  albu- 
men in  two  cases  of  diabetic  urine,  viz.,  in  the  case  to  which  I  have 
already  referred,  in  which  I  analyzed  the  urine  at  a  time  when  the 
patient  took  a  good  deal  of  sugar  in  his  drink;  in  this  case,  however, 
the  disease  had  made  considerable  progress:  and  in  the  urine  of  a 
girl  a  few  days  before  her  death;  in  this  instance  it  existed  in  con- 
siderable quantity,  amounting  to  0'2  J  of  the  urine,  or  3*7  J  of  the  solid 
residue. 

Brett'  found  casein  and  butter  in  a  case  of  diabetic  urine. 

Diabetic  urine  sometimes  contains  an  insipid  species  of  sugar, 
which,  however,  according  to  Bouchardat,*  corresponds  in  all  other 
properties  with  the  ordinary  sweet  diabetic  sugar,  possessing  the  ca- 
pability of  fermenting,  and  being  convertible  by  acids  into  sweet  su- 
gar. I  have  had  only  one  opportunity  of  observing  sugar  of  this  na- 
ture. 

A  girl  with  diabetes  mellltus  discharged  an  abundant  quantity  of 
very  saccharine  urine,  and  the  sugar  which  was  obtained  from  it  had 
all  the  properties  of  grape-sugar.  Subsequently  the  strength  of  the 
patient,  which  had  been  long  giving  way,  decreased  to  such  an  alarm- 
ing extent  as  to  cause  apprehensions  of  her  speedy  dissolution.  Two 
days  before  her  death'  the  urine  was  again  sent  to  me  for  examina- 
tion; and  I  was  not  a  little  surprised  to  find  in  it  a  perfiectly  tasteless 
sugar  solubje  in  hot  spirit,  and  mixed  with  a  considerable  quantity 
of  a  gummy  matter  insoluble  in  spirit,  which,  on  the  application  of 
heat,  emitted  a  peculiar  odour  not  unlike  that  of  burned  paper. 

The  salts  in  diabetic  urine  are  stated  by  Gueudeville,  Bostock,  and 
Henry,  to  be  diminished,  while  they  retain  their  normal  proportion 
to  each  other.  I  have  found  the  amount  of  earthy  phosphates  not 
much  below  the  normal  average. 

LfChmann^  was  the  first  who  directed  attention  to  the  occurrence 
of  hippuric  acid  in  diabetic  urine:  it  has  since  been  detected  by  Am- 
brosiani,  Muller,  and  very  recently  by  myself.  I  obtained  it  in  the 
same  manner  as  Lehmann  did,  from  the  ethereal  solution  of  the  dried 
residue:  after  evaporation  there  remained  a  slight  brownish-yellow 
residue,  in  which,  with  the  help  of  the  microscope,  1  observed  heaps 
of  long  acicular  crystals.  The  residue  was  warmed  with  a  few  drops 
of  a  weak  solution  of  potash,  which  neutralized  the  acid  reaction,  and 
the  solution  was  then  filtered.     On  the  addition  of  a  solution  of  per- 

1  Urinary  Biseswes  and  their  Treatment,  p.  200.      '  London  Medical  Gazette,  July,  1 836. 
•  Revue  M^icalc,  1839.  «  Joom.  fiir  prakt  Chan.  toL  6,  p.  1 14. 
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chloride  of  iron  a  cinnamon-yellow  precipitate  was  obtained^  which 
on  being  warmed  contracted  iUtelf  into  red  flocculi. 

On  allowing  diabetic  urine  to  stand  for  a  considerable  time,  a  sedi- 
ment forms,  which  consists  for  the  most  part  of  fermentation-globules. 
If  the  urine  above  this  sediment  is  allowed  to  remain  for  some  time 
longer  at  a  suitable  temperature,  it  begins  to  undergo  fermentation. 
I  have  frequently  observed  the  fermentation-globules,  and  have  re- 
presented them  in  fig.  35. 

I  have  made  several  minute  analyses  of  the  urine  in  diabetes  mel- 
litus.  The  three  following  analyses  were  made  with  the  urine  of  a 
man  aged  50,  to  whose  case  reference  has  been  previously  made. 
The  first  analysis  was  made  at  a  time  when  the  patient  indulged 
freely  in  sugared  drinks.  The  urine  then  contained  a  mere  trace  of 
urea.  After  the  patient  had  been  properly  dieted  for  spme  time,  I 
obtained  the  urine  for  the  second  analysis,  which  in  its  results  dif- 
fers very  little  from  the  first.  Eight  days  from  this  time  I  again 
analyzed  it,  and  found  that  the  sugar  had"  almost  entirely  disappeared. 

About  three  months  aflerwards  I  received  some  more  of  his  urine 
for  analysis;  it  was  then  very  rich  in  sugar,  while  urea  was  present 
to  only  a  verv  small  amount.  Albumen  was  only  detected  in  the 
urine  of  the  first  analysis.  Uric  acid  was  always  present,  but  only 
in  very  small  quantity. 


specific  gravity 
Water 

Solid  constituents 
Urea 

Uric  add     - 
Sugar 

Extracti^'e  matter  and  salts 
Earthy  phosphates    - 
Albumen 


Anal-  1S9. 

1018O0 

957-00 

4.300 

traces 

traces 

31HK) 

5M0 

0^2 


Anal.  130. 

Anal.  in. 

lOl&OO 

100700 

96000 

96900 

40O0 

1800 

709 

403 

atnoe 

atnoe 

2&O0 

atrace 

(r50 

80D 

0^ 

lOO 

was  present 

The  urine  of  the  first  two  analyses  was  of  a  pale-yellow  colour,  and 
slightly  acid;  in  the  third  case  it  was  as  clear  as  water,  and  produced 
no  change  on  test  paper. 

The  two  following  analyses  were  made  with  the  urine  of  a  girl 
aged  20  years,  who  was  being  treated  for  diabetes  mellitus  in  Prof. 
Wolff's  clinical  wards. 

The  first  analysis  was  made  eight  weeks  before  the  second ;  I 
made  an  analysis  of  the  blood  at  the  same  time.  (See  Analysis  42, 
page  267.) 

The  second  analysis  was  made  two  days  before  death ;  it  revealed 
the  fact  that  the  diabetes  sapidus  had  changed  into  diabetes  insipidus; 
moreover,  at  this  period,  the  urine  contained  a  considerable  quantity 
of  albumen. 


Analyiii  133. 

Analysts  13S. 

Specific  gravity 
Water 

J032O0 
021-85 

102100 
947*20 

Solid  constituents 

78-15 

52O0 

Urea           -           .           - 

0-54 

1-47 

Sweet  sugar 

7«O0 

.i^ 

Insipid  sugar 

— 

2701 

4-20 

2-60 

0^2 

(MO 

— 

200 

.» 

17-30 

909^ 

90-40 

0-26 

a  trace 

86-30 

2-10 

1-50 


y  of  making  a  careful  examina- 
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Extractive  matter  and  aalti  • 
Earthy  phosphates  - 
AOmnmi    -  -  -  . 

Gammy  matter 

Analysis  134  was  made  with  the  urine  of  a  man  aged  52  years, 
who  was  being  treated  in  Sch5i)Iein's  clinical  wards  for  diabetes. 
The  urine  was  not  passed  in  very  large  quantity^  but  it  contained  a 
remarkably  large  proportion  of  sugar.  The  composition  of  the 
blood;  which  also  contained  sugar,  is  given  in  Analysis  41,  page  267. 

Analysii  134. 

Sracific  gravity 1036O0 

Water     ... 
Solid  constituents 

Urea    -  -  - 

Uric  add 

Sugar  .  -  - 

Extractive  matter  and  salts 

Earthy  pho^bates 

I  have  recently  had  an  opportunit 
tion  of  the  excretions  of  a  diabetic  patient  He  was  a  man  aged  40 
years,  who  had  suffered  from  intense  thirst  and  had  observed  a  great 
increase  in  the  amount  of  his  urine  for  the  preceding  ten  months. 
At  the  period  of  his  admission  into  the  hospital,  the  colour  of  his 
urine  was  normal,  and  an  acid  reaction  always  observed,  which,  how- 
ever, became  more  decided  some  time  after  emission :  in  the  course  of 
ten  or  twelve  hours  it  usually  became  turbid,  and  deposited  a  light 
viscid  sediment  consisting  of  amorphous  urate  of  ammonia  and  mu- 
cus-corpuscles; on  two  occasions  (during  the  use  of  a  very  animal 
diet)  crystals  of  uric  acid  were  noticed  in  the  sediment     During  the 

?)riod  of  my  investigations  I  never  detected  albumen  in  the  urine, 
he  specific  gravity  varied  from  1039  to  1030.  It  was  highest  at 
the  commencement  of  the  treatment 

On  admission  the  daily  amount  of  urine  averaged  nearly  five 
quarts,  but  while  under  treatment  it  was  reduced  to  three  quarts. 
The  daily  amount  of  sugar  gradually  diminished  to  one  third,  but 
was  never  so  thoroughly  reduced  as  to  afibrd  hopes  of  a  permanent 
cure.  The  daily  excretion  of  urea  was  at  first  much  diminished,  but 
subsequently  reached  the  healthy  average.  Uric  acid  was  always 
present,  but  not  in  so  considerable  a  quantity  as  would  have  been 
found  in  the  urine  of  healthy  persons  living  on  a  similar  diet  The 
amount  of  fixed  salts  varied  considerably,  but  was  always  larger  than 
in  a  state  of  health. 

After  the  use  of  the  ordinary  hospital  diet  for  a  few  days,  he  was 
placed  on  a  very  nitrogenous  diet,  consisting  of  beef-tea,  eggs,  meat, 
milk,  and  white  bread.  Subsequently  cofiee  was  substituted  for  the 
milk,  and  the  amount  of  bread  diminished.  And  still  later,  gluten- 
bread  containing  only  one-half  the  amount  of  starch,  but  three  times 
the  amount  of  nitrogenous  matter,  was  given  in  its  place. 

During  his  last  three  weeks  he  consumed  daily,  one  pound  of 
gluten-bread,  two  of  beef  from  which  a  quart  of  beef-tea  had  been 
made^  besides  a  quarter  of  a  pound  of  ordinary  boiled  beef,  three  or 
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four  ounces  of  roast  veal,  six  eggs,  and  two  quarts  of  coffee  prepared 
from  an  ounce  of  the  beans.  Although  this  quantity  was  (according 
to  his  own  statement)  sufficient  to  satisfy  his  liunger,  he  was  occa- 
sionally detected  in  appropriating  the  farinaceous  diet  of  other  pa- 
tients. With  regard  to  medical  treatment,  opium  and  its  various 
compounds  were  first  given ;  he  was  then  treated  with  astringents,  the 
nitrogenous  diet  being  at  the  same  time  increased,  and  the  saccharine 
and  ferinaceous  matters  diminished.  After  this  course  had  been  pur- 
sued for  some  time  without  any  decided  benefit,  he  took  daily  two 
ounces  of  cod-liver  oil,  and  after  this  had  been  continued  for  twelve 
days,  he  took,  additionally,  four  grains  of  iodide  of  iron.  Finally, 
(these  medicines  being  continued)  the  gluten  bread  was  ordered,  and 
the  milk  and  white  bread  stopped.  Under  this  treatment  the  daily 
amount  of  sugar  fell  from  twelve  ounces  to  seven  and  three-quarters; 
it  subsequently,  however,  rose  to  nine  ounces  and  one  drachm.  The 
urea,  which  on  his  admission  amounted  to  only  three  drachms  in 
twenty-four  hours,  was  now  increased  to  one  ounce  and  three  drachms, 
and  the  uric  acid  rose  from  a  mere  trace  to  twelve  grains. 

During  this  course  of  treatment  the  digestion  seemed  good,  the 
thirst  diminished,  and  he  occasionally  perspired  considerably;  he 
had  become,  however,  very  emaciated.  The  saliva  was  slightly  al- 
kaline, and  I  examined  it  for  sugar  unsuccessfully.  Sugar  was,  how- 
ever, detected  in  the  perspiration.  The  analysis  of  his  faeces  will  be 
found  in  Chapter  X.  • 

In  the  determination  of  the  sugar  and  urea  there  are  certain  diffi- 
culties which  I  shall  briefly  notice.  On  treating  diabetic  urine  eva- 
porated to  the  thickness  of  a  syrup  with  warm  spirit,  the  mucus, 
uric  acid  or  urates,  and  earthy  phosphates  are  precipitated.  On  eva- 
porating the  filtered  spirituous  solution  to  the  consistence  of  a  thin 
syrup,  and  adding  anhydrous  alcohol,  an  insoluble  semifluid  mass 
separates,  which,  when  repeatedly  treated  with  anhydrous  alcohol,  be- 
comes finally  thick  and  tough.  On  dissolving  this  saccharine  mass  in 
warm  spirit,  and  again  precipitating  it  by  anhydrous  alcohol,  it  will 
still  be  found  to  contain  a  certain  amount  of  urea;  in  fact,  I  have  detected 
urea  after  the  operation  has  thrice  been  effected,  and  I  find  that  sugar 
can  only  be  obtained  free  from  urea  by  allowing  it  to  crystallize  spon- 
taneously from  its  spirituous  solution.  In  consequence  of  the  difficulty 
of  separating  these  substances,  I  proceed  in  the  following  manner:  the 
solid  residue  of  the  urine  is  first  accurately  determined;  a  weighed 
portion  of  urine  is  then  evaporated,  mixed  with  spirit,  and  the  solu- 
tion filtered.  The  filtered  solution  is  evaporated  to  the  consistence 
of  a  syrup,  and,  when  cold,  mixed  with  a  sufficient  quantity  of  con- 
centrated nitric  acid  to  allow  of  a  few  drops  remaining  on  the  sur- 
face of  the  crystalline  mass.  It  must  then  be  submitted  to  a  low 
temperature,  and  the  crystals  placed  on  blotting  paper  apd  com- 
pressed till  they  cease  to  communicate  moisture.  The  fixed  salts  must 
be  determined  from  a  separate  portion  of  urine.  If  we  deduct  from 
the  known  quantity  of  solid  residue  the  portion  insoluble  in  spirit 
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(from  which  the  uric  acid  is  determined^)  the  urea^  and  the  fixed 
salts,  we  obtain,  as  the  difierence,  sugar  and  alcohol-extract  which 
appears  to  decrease  in  diabetic  urine  in  proportion  as  the  sugar  in- 
creases. The  following  are  the  special  results  of  my  analyses  of  the 
urine  of  this  man. 

No.  135  represents  the  analysis  of  the  urine  before  the  commence- 
ment of  the  animal  diet;  No.  136,  shortly  after  its  commencement; 
No.  137,  during  the  same  diet,  shortly  before  the  use  of  the  cod-liver 
oil;  No.  138,  after  the  oil  had  been  taken  for  eight  days;  No.  139, 
after  the  iodide  of  iron  had  been  used  for  eight  days;  No.  140,  after 
the  gluten-bread  had  been  tried  for  eight  days;  No.  141,  two  days 
subsequently  to  the  preceding  analysis,  there  being  a  considerable 
increase  in  the  secretion. 

In  twenty-four  hours  there  were  discharged : 

Aoal.  135.  Anal.  138. 

*  4^  quarts  3  quarts 

Specific  graTi^       -  -        1037*1  1038-9 

Solid  constituents    -  -  14*5  ok.  9*9  oz. 

Sugar  and  extractive  matter  12*5  ** 

Urea       ...  3  draduns 

Uric  acid  .... 

Fixed  salts  .  .  — 


7*5  " 
5  drachms 
5  grains 


Anal.  137. 

4  quarts 
1029-7 
10-0  02. 
8*5  " 

7  drachms 
Sgrains 
6  drachms 


Specific  gravity 
Solid  constituents 
Sugar  and  extractive  ) 
matter      -  5 

Urea 
Uric  add 
Fixed  salts     - 


Anal.  138. 

uarts 
2 
10*5  OK. 


4  quart 
1030^2 


8*9 


n 


7*8  dn. 
lOgra. 
6dr& 


Anal.  139. 

4  quarts 
1030-4 

lO^OOE. 

7*25" 
10*0  dra. 

8drB. 


Anal.  140. 

3J  quarts 
1032*37 
10*2  02. 

8*1'' 

1*1" 
Sgrs. 
6-8  dis. 


Anal.  141. 

4A  quvta 
l(»2-g7 

1*3" 
ISgrs. 

1  0Z.9gT8. 


The  composition  of  the  urine  appears  from  my  observations  to  un- 
dergo a  rapid  modification  as  soon  as  there  are  decided  indications  of 
convalescence.  The  sugar  decreases  to  a  very  great  extent,  and  is 
replaced  by  albumen,  a  substance  of  frequent  occurrence  at  the  com- 
mencement of  the  disease,  and  apparently  alternating  with  the  sugar. 

When  the  sugar  is  no  longer  perceptible  to  the  taste  (either  in 
the  urine  or  in  the  spirit-extract,)  it  can  always  be  readily  detected 
by  Trommer's  test  I  usually  take  a  test-tube  of  about  seven  inches 
in  length,  fill  three  fourths  of  an  inch  of  it  with  urine,  and  heat  it 
with  5ss  or  3ij  of  carbonate  of  potash;  I  add  five  or  six  times  the 
volume  of  spirit  of  *845,  and  again  boil;  a  few  drops  of  a  solution  of 
sulphate  of  copper  are  then  added,  and  heat  again  applied.  If  much 
sugar  is  present,  the  reduction  of  the  oxide  of  copper  to  a  state  of 
sub-oxide  occurs  very  quickly  in  the  lower  stratum  of  solution  of 
carbonate  of  potash,  and  the  fluid  becomes  of  a  yellow,  red,  or  copper 
colour;  if  the  quantity  of  sugar  is  very  small,  the  reduction  still 
takes  place,  but  much  more  gradually.  If,  however,  no  sugar  is  pre- 
sent, the  solution  of  potash  remains  of  a  blue  or  bluish-green  colour. 

I  have  recently  analyzed  a  specimen  of  diabetic  urine  containing 
only  a  very  small  amount  of  sugar,  although  previously  that  consti- 
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tuent  had  been  present  in  large  quantity.  A  short  time  prcTioodj 
to  the  last  analysis,  no  sugar  could  be  detected,  but  albumen  was  pre- 
sent The  urine  passed  at  different  periods  of  the  day  was  analyzed 
separately.  The  quantity  of  urine  passed  between  noon  and  eyenisg 
contained  most  sugar,  and  was  most  abundant;  that  passed  during  the 
night  contained  the  least  The  three  analyses  gave  the  following 
results: 


Asia.  142. 
Urine  from 

NOOB 

Ull  EreBinf . 
34*3  08. 
.    102&02 


Qotntitj  of  urine 
Speeific  grarity  - 

In  1000  parts  there  were  contained: 

Water  -  -  -      943^)0 

Solid  cooititiienta 

Uric  add        ... 
Cbloride  of  aodhsD.  with  a  fittfe 
carbonate  and  anlphate  of] 


S7-C0 

14-lS 

0-34 


AlkaUne  anlphates  and  phoiphatea    &60 
EaitfajphoipiialBi  1<90 

Extractive  matten^  widi  am- 

mooia-flBltB  aiid  traoea  of  V   24*61 


ABaL143. 
Urine  duiiac 
ttaa 
MfhL 

6  OS. 
108436 


946^3 

53^7 

17-60 

0«0 


&60 
4-66 

81-94 


AaaLlil. 

UriiMfhiai 

tarty  Mocaiag 

toNooa. 

107  OL 
1027^ 


93447 

6&63 

1&21 

O60 

1060 

5-70 
0^ 

a»18 


The  whole  amount  of  the  different  constituents  discharged  in 
twenty-four  hours  was  as  follows: 

Solid  conadtueoti  .... 

Urea 

Uric  acid       •  •  .  •  • 

Fixed  adta 

Extractive  mattera     .... 

[The  following  analysis  of  diabetic  urine  has  been  made  by  Dr. 
Reich.^    The  particulars  of  the  case  are  not  recorded: 

Water 907-68 


365  s& 

ll'Ssn. 
485  gra. 
1  0B.139gi& 


Solid  coofltitoenta 
Uiea  - 

Hippuricadd 
Sugar 

Water-extract 
Alcohol-extrKt 
Macna 
Albonien    - 
Chloride  of  potaanim 
Chloride  of  sodium 
Chloride  of  ammonium 
Sulphate  of  potMh 
Phoqihate  of  soda 
Phonhale  of  lime 
Silica 


98-18 
8«7 
0O4 

6600 
5^ 

16-36 
064 
0^ 
0-30 
0«4 
0€6 
0-86 
8-15 
046 
OM 


The  hippuric  acid  was  determined  by  evaporating  the  urine  to  one 
eighth  of  its  volume  and  treating  it  with  hydrochloric  acid,  when 
that  constituent  was  thrown  down  as  a  white  deposit 

An  instance  in  which  diabetic  urine  occurred  in  a  state  of  extraor- 
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dioary  concentration  has  been  observed  by  Bouchardat  Its  compo> 
sition  is  given  below.  The  three  other  analyses  were  made  by  Dr. 
Percy;  the  cases  are  fully  recorded  in  the  London  Medical  Gazette 
for  1844. 


Boucb&rdftt. 

Specgrav. 

Percy. 

104200 

103&00 

10-39 

Water  - 

-       837-58 

894-50 

918*30 

898-90 

Solid  oonstitnents 

162-42 

105*50 

81-70 

101*10 

Urea 

8-27 

12-16 

30*32 

2-39 

Uric  acid 

-. 

0-16 

0-26 

not  isolated 

Sugar 

134-42 

40-12 

1715 

79-10 

Extractive  matters  and  salts  2034  ^ 

53-06 

32-59 

19-52 

Earthy  pho^hates 

'0-38  5 

1*30 

009] 

Lchmann^  has  made  two  minute  analyses  of  diabetic  urine;  he 
found  neither  albumen,  urea,  nor  uric  acid  in  it,  but  a  considerable 
amount  of  hippuric  acid.  The  urine  of  a  man  aged  18  years  had  a 
specific  gravity  of  1029-5,  was  pale,  when  fresh,  had  a  milky  smell, 
and  subsequently  became  acid.  The  solid  constituents  amounted  to 
62*05,  of  which  58'15  were  sugar.  Ether  took  up  0'187,  which  was 
chiefly  hippuric  acid.  The  urine  of  a  man  aged  38  years  was  turbid, 
of  a  straw  colour,  contained  neither  albumen,  urea,  nor  uric  acid,  had 
a  specific  gravity  of  1028*5,  and  contained  56*24  of  solid  constituents, 
of  which  50-9  were  sugar.  There  were  also  found  0*31  of  hippuric 
acid,  0*169  of  salts  soluble  in  alcohol,  0*21  of  water-extract,  0*39  of 
salts  soluble  in  water,  0*31  of  salts  insoluble  in  water,  and  0*23  of 
mucus. 

An  interesting  case  of  diabetes  in  a  girl  aged  8  years  was  observed 
by  Cantin.^  The  urine  which  she  discharged  was  of  a  blue  colour, 
and  impregnated  with  sugar.  The  colouring  matter  appeared  to 
possess  the  properties  of  Prussian  blue. 

Diabetic  urine  has  been  observed  in  children  as  well  as  in  adults, 
and  during  the  period  of  puberty. 

The  female  sex  is  not  exempt  from  this  disease. 

It  is  impossible  in  the  present  state  of  our  knowledge  on  this  sub- 
ject to  state  with  certainty  in  what  part  of  the  system  the  sugar  is 
formed,  which  is  produced  and  excreted  in  such  extraordinary  quan- 
tity. It  is  either  directly  formed  in  the  chylopoietic  system  or  it  is 
produced  in  the  peripheral  vascular  system,  or  it  is  generated  by  a 
morbid  action  of  the  cells  of  the  kidney,  or  finally  its  origin  may  be 
due  to  a  combination  of  these  agencies. 

To  decide  this  point  satisfactorily,  (and  for  the  science  of  medicine 
it  is  most  important  that  it  should  be  decided,)  the  following  points 
should  first  be  established  by  experiments  on  a  sound  and  certain 
basis: 

(1.)  Is  the  correspondence  of  the  absolute  diminution  of  the  urea 
with  the  absolute  increase  of  the  sugar,  an  invariable  rule? 

(2.)  May  not  the  nitrogen  be  removed  from  the  system  in  some 
other  way,  probably  in  the  form  of  ammonia-compounds? 
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(3.)  Do  the  other  seeretiocs  underip  a  change,  especiallr  the  bik? 

(4.)  Does  the  air  which  is  exhaled  from  the  lungs  difler  in  its  eom- 
position  from  that  which  is  expired  by  healthy  persons? 

(5.)  Do  the  kidneys,  liver,  or  lungs  undergo  any  changes?  and  if 
tOy  what  are  their  nature? 

If  the  connexion  between  the  appearance  of  the  sugar  and  the  dimi- 
nution of  the  urea  is  constant,  that  is  to  say,  if.  without  exception,  the 
urea  invariably  decreases  in  the  same  ratio  as  the  sugar  increases, 
then  we  must  assume  with  Berzelius,  that4n  place  of  the  metamor- 
plioMs  of  the  protein-compounds  into  urea  which  occurs  as  a  normal 
process,  these  compounds  are  in  tliis  case,  from  certain  causes  which 
are  unknown  to  us,  transformed  into  sugar,  ammonia,  and  perhaps 
into  nitrogenous  extractive  matters.  This  hypothesis  is,  however, 
opposed  by  the  facts  which  were  observed  by  5rGregor:  in  his  cases 
the  daily  secretion  of  urea  equalled,  and  in  fact  exceeded  the  healthy 
average. 

It  has  been  established  by  the  researches  of  Rollo,  Bouchardat, 
myself,  and  others,  that  the  blood  really  contains  sugar.  It  exists, 
however,  in  an  extremely  minute  quantity,  and  my  own  observatioo 
confirms  tlie  remark  of  Bouchardat,  that  it  is  most  abundant  a  short 
time  after  meals:  the  blood  of  a  girl  in  whom  the  disease  had  made 
considerable  progress,  when  taken  before  a  meal,  exhibited  a  mere 
trace  of  sugar.  Ilence  we  are  led  to  infer  that  the  formation  of 
sugar  occurs  in  the  chylopoietic  viscera  alone,  or  there  and  in  the 
blood  simultaneously. 

From  experiments  made  by  McGregor,*  he  infers  that  the  su- 
gar is  formed  in  the  stomach  alone.  After  having  convinced  him- 
self of  the  existence  of  sugar  in  diabetic  blood  by  having  induced 
fermentation,  he  sought  for,  and  found  it  in  the  matters  vomited 
both  by  a  healthy  man  and  a  diabetic  patient,  three  hours  after 
dinner.  Upon  treating  the  healthy  man  and  the  diabetic  patient 
with  an  initiatory  course  of  emetics  and  purgatives,  and  then  for  three 
days  feeding  them  with  nothing  but  beef  and  water,  no  sugar  was 
found  in  the  matter  vomited  by  the  healthy  man,  whilst  there  was 
still  sugar  in  the  other  case.  M*Gregor  also  found  sugar  in  the  faeces 
of  diabetic  patients:  no  sugar  was,  however,  found  in  the  sweat.  It 
is  well  known  that  persons  with  this  disease  do  not  readily  perspire; 
on  the  contrary,  the  skin  becomes  dry,  rough,  and  peels  off.  Willis* 
relates  a  case  of  diabetes  that  fell  under  his  own  observation,  in  which 
the  furfuraceous  exfoliation  of  the  cuticle  had  a  decidedly  sweet  taste. 

From  pathological  anatomy  we  learn  that  the  kidneys  in  death 
from  diabetes  are  very  frequently  softened,  and  according  to  Meyer 
(who  refers  the  formation  of  sugar  to  the  kidneys,)  even  disorganized, 
their  blood-vessels  much  enlarged,  and  the  substance  of  the  papillae, 
and  the  tubuli  very  permeable;  the  kidneys  have  also  been  found 
•ned,  atrophied,  suppurating,  and  containing  calculi.  The  condi- 
n  which  the  liver  has  been  found  is  also  various:  the  bile  is, 
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however,  usually  very  far  from  being  in  a  normal  condition;  it  is  of 
a  pale  yellow  colour,  very  fluid,  and,  instead  of  being  alkaline,  has 
usually  an  acid  reaction.  The  veins  which  form  the  portal  system 
are  overloaded,  and  the  mesenteric  vessels  are  generally  congested. 
As  the  disease  becomes  further  developed  the  lungs  participate  in 
the  general  disturbance,  for,  according  to  Willis,  pulmonary  phthisis 
is  the  immediate  cause  of  death  in  two-thirds  of  the  cases  of  diabetes. 
Traces  of  morbid  action  have  also  been  found  in  the  nervous  system. 

It  is  of  great  importance  in  reference  to  the  aetiology  of  diabetes 
mellitus  to  ascertain  whether  the  changes  which  are  revealed  to  us 
by  the  prosecution  of  the  morbid  anatomy  of  the  disease,  are  conse- 
quences of  the  disease  itself,  or  whether  they  had  a  previous  existence 
in  those  blood-metamorphosing  organs,  the  kidneys,  liver,  and  lungs, 
and  whether  the  formation  of  the  sugar  is  due  to  them. 

The  questions  which  I  have  already  suggested  are  of  much  im- 
portance in  elucidating  these  points. 

Taking  into  consideration  all  that  is  known  of  the  origin  of  diabe- 
tes mellitus,  it  appears  very  probable  that  the  sugar  is  formed  not  in 
any  single  organ,  but  that  it  is  produced  by  a  diseased  condition  of 
the  whole  system,  and  we  are  almost  led  to  adopt  the  opinion  ex- 
pressed by  P.  Frank,  that  a  specific  influence  is  exercised  upon  the 
nerves  of  the  fauces  by  a  spontaneously  generated  virus  diabetictim, 
which  occasions  an  insatiable  desire  for  drink,  and  at  the  same  time 
exerts  a  peculiar  influence  upon  the  nerves  of  the  lymphatic  system, 
exciting  them  to  extraordinary  activity 

This  activity  of  the  lymphatic  system,  when  associated  with  an 
excessive  absorption  from  all  the  secreting  surfaces  of  the  body, 
causes  the  premature  elimination  of  raw  and  unassimilated  chyle, 
which,  not  being  adequate  to  the  formation  of  blood,  must  be  again 
removed  from  it.  When  we  consider  what  an  extraordinary  quan- 
tity of  sugar  is  carried  ofi",  even  in  those  patients  who  are  restricted 
to  animal  food,  we  cannot  doubt  that  the  sugar  is  formed  from  the 
protein-compounds,*  and  in  all  probability,  future  and  more  accurate 
analyses  of  the  urine,  the  bile,  and  the  expired  air,  will  enable  us  to 
understand,  in  what  manner  the  nitrogen  is  removed  from  the  sys- 
tem, a  point  upon  which  we  are  at  present  in  the  dark.  For  although 
we  can  well  conceive  the  possibility  of  the  protein-compounds  being, 
under  peculiar  circumstances,  resolved  into  sugar  of  grapes,  and  cer- 
tain nitrogenous  compounds  similar  to  protein  itself,  yet  these  latter 
must  be  capable  of  being  detected. 

Periodic  symptoms  have  been  occasionally  observed  in  diabetes 
mellitus. 

A  physician  in  Berlin  has  a  patient  who,  at  certain  times  of  the 
year,  had  periodical  attacks  of  diabetes  mellitus,  which  after  conti- 
nuing for  some  time,  and  with  the  application  of  proper  diet,  would 
disappear:  although  the  amount  of  sugar  which  was  excreted  during 

1  [6ugc*8  views  on  this  subject  may  be  seen  in  my  Report  on  tho  recent  progreas  of  Animal 
Chemistry,  in  voL  2  of  Banking's  Half-yeariy  Abstract] 
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these  attacks  was  by  no  means  inconsiderable,  the  patient  did  not 
exhibit  that  meagerness  which  usually  succeeds  a  prolonged  conti- 
nuance of  the  disease;  on  the  contrary,  he  became  corpulent,  and 
complained  of  ho  disturbance  of  his  general  health. 

Diabetes  insipidus. 

Under  the  terra  "diabetes  insipidus"  ore  included  several  diseased 
states,  in  which  the  urinary  secretion  is  very  much  increased,  but 
where  the  urine  contains  no  sugar,  either  sweet  or  insipid,  which  is 
capable  of  fermentation.  Willis  treats  of  these  different  states  under 
the  heads  Hydruria,  Anazoturia,  and  Azoturia. 

Hydruria,  which  is  also  known  as  diuresis,  polyuresis,  and  poly- 
dipsia, seems  to  be  capable  of  continuing  sometimes  for  several  years, 
without  being  accompanied  by  any  other  morbid  symptoms  than  a 
frequent  desire  to  micturate,  and  an  insatiable  thirst  Willis  mentions 
several  cases  of  the  kind :  amongst  others,  that  of  an  artisan,  55  years 
of  age,  who  from  his  sixteenth  year  had  upon  an  averaee  drunk  nearly 
two  pailsful  daily,  and  who,  during  the  same  period,  passed  on  an 
average  thirty-four  pounds  of  urine  and  one  of  faeces.  The  urine  was 
scarcely  denser  than  pure  water  and  contained  no  sugar. 

A  similar  case  is  recorded  of  a  woman  aged  40  years,  who  from 
her  infancy  experienced  constant  thirst,  and  an  enormous  secretion 
of  urine.  She  enjoyed  good  health,  and  was  the  mother  of  several 
children. 

Becqucrel  observed  a  case  of  polydipsia  or  hydruria  in  a  servant 
girl  aged  23  years.  After  recovering  from  an  attack  of  acute  ne- 
phritis she  lapsed  into  a  state  of  anaemia,  for  which  ferruginous  me- 
dicines were  exhibited,  but  without  success.  A  continuous  state  of 
thirst  then  came  on;  so  much  so,  in  fact,  that  she  daily  took  five  or 
six  litres  of  fluid  without  allaying  the  sensation.  The  urine  was  very 
pale  and  greenish,  was  rather  turbid  from  the  presence  of  mucus,  and 
had  an  acid  reaction.  Its  specific  gravity  was  1006,  and  about  six 
pounds  were  excreted  in  the  course  of  the  day. 

Its  composition  was  as  follows : 


Water 

-        989-7 

Solk]  constituents 

10-3 

Urea 

3-0 

Uric  acid 

0-2 

Fixed  salts    - 

3-6 

Extractive  matters     • 

3-7 

[L'Heretier*  has  published  an  analysis  of  urine  very  similar  in  its 
character.  The  patient  was  a  pregnant  woman.  She  discharged 
about  ninety-five  ounces  daily,  and  the  specific  gravity  was  1009*4. 

It  contained  in  1000  parts: 

Water 989-7 

Solid  constituents         -  -  -  -  10*3 

Urea  -  -  ...  3.3 

\  Traits  de  Clum.  pathol.  p.  553. 
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Uric  add 0-2 

Fixed  silts 3*2 

Oiganic  matters        -  .  -  -  3'6 

I  am  indebted  to  Dr.  Golding  Bird  for  the  following  analysis  of 
the  urine  in  polydipsia.  A  woman  aged  43  years  observed  that,  in 
the  course  of  four  months,  the  amount  of  urine  rose  from  the  normal 
quantity  to  140  ounces.     The  specific  gravity  was  1010. 

The  whole  qnantity  of  water  amounted  to        -           -  G0419  grains 

Solids        "...  1439    " 

Urea      -           -           -           -  376    " 

Uricadd           ...  21    " 

Fixed  salts         -           -           -  462    " 

When  this  diuresis  occurs  in  nervous  persons  at  an  advanced  age, 
Willis  observes  that  it  should  not  be  regarded  lightly,  as  the  progno- 
sis is  almost  always  unfavourable. 

By  anazoturia,  Willis  understands  the  excessive  secretion  of  urine 
very  deficient  in  solid  constituents,  and  especially  in  urea,  and  he 
considers  that  all  the  cases  of  diabetes  which  have  been  reported  as 
curec'  may  probably  be  classed  under  this  head.  The  urine  is  passed 
in  very  abundant  quantity,  and  is  either  of  a  pale  straw  colour  or  en- 
tirely colourless,  and  has  a  very  slight  odour.  It  has  either  a  very 
mild  acid,  or  else  a  neutral  reaction;  in  the  course  of  twenty-four 
hours  it  becomes  ammoniacal,  and  forms  a  precipitate,  at  the  same 
time  becoming  covered  with  a  film  containing  crystals  of  ammoniaco- 
magnesian  phosphate.  This  disease  seems  common  among  the  chil- 
dren of  the  poor,  who  have  been  brought  up  on  an  improper  diet. 
In  a  child  treated  by  Willis  the  urine  was  perfectly  devoid  of  colour, 
its  specific  gravity  was  that  of  distilled  water,  and  1000  grains  left, 
after  evaporation,  a  residue  of  scarcely  one  grain,  which  consisted  of 
mucus,  urate  of  ammonia,  phosphates,  and  a  trace  of  urea. 

A  man,  who  for  many  years  had  sufiered  from  a  sensation  of  ex- 
treme weakness,  thirst,  and  gnawing  pain  in  the  region  of  the  heart, 
discharged  from  six  to  seven  quarts  of  urine  daily:  it  was  almost  de- 
void of  odour,  of  a  pale  straw  colour,  and  one  thousand  parts  left  a 
solid  residue  of  twenty,  of  which  only  two  were  urea. 

A  case  of  the  same  nature  was  treated  by  Stosch.  A  man  who 
complained  of  pain  in  the  cardiac  region,  thirst,  and  weakness, 
passed  from  four  to  six  quarts  of  urine  daily;  it  contained  no  sugar, 
and  scarcely  a  trace  of  urea  or  of  the  other  ordinary  constituents  of 
urine. 

By  the  term  azoturia  Willis  understands  that  form  of  disease 
which  is  usually  known  as  diabetes  insipidus,  in  which  the  urine  is 
increased  in  quantity,  is  usually  transparent  and  pale,  but  sometimes 
deeply  coloured,  and  is  peculiarly  distinguished  by  the  large  amount 
of  urea  which  it  contains.  The  urine  has  a  slight,  but  at  the  same 
time  a  urinous  odour,  an  acid  reaction,  and  its  specific  gravity  (1018 — 
1035)  is  higher  than  in  the  preceding  form  of  disease.  When  the 
density  is  considerable,  crystals  of  nitrate  of  urea  are  often  yielded 

45* 
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on  the  addition  of  nitric  acid,  after  a  few  hours'  rest,  without  any 
previous  concentration. 

The  general  symptoms  are  the  same  as  in  the  former  varieties: 
loss  of  strength,  feeling  of  weakness,  gnawing  pains  in  the  region  of 
the  heart,  thirst,  &c.  An  artisan,  thirty-seven  years  of  age,  (treated 
by  Willis,)  contracted  the  disease  in  consequence  of  a  cold,  and  passed 
a  large  quantity  of  pale  urine,  amounting  to  about  five  quarts  daily. 
The  specific  gravity  varied  from  1022  to  1028.  On  the  addition  of 
nitric  acid  to  the  urine  at  its  highest  degree  of  density,  crystallization 
of  nitrate  of  urea  occurred  in  a  few  hours.  1000  grains  left,  on 
evaporation,  72  of  solid  residue,  of  which  51  were  composed  of  urea, 
alcohol-extract,  and  salts  soluble  in  alcohol;  14  were  hydrochlorates 
and  sulphates;  6  were  earthy  salts,  especially  phosphates;  and  1  grain 
consisted  of  mucus.  Willis  is  of  opmion  that  this  form  of  diabetes 
frequently  precedes  diabetes  mcllitus,  or  alternates  with  albuminous 
or  saccharine  urine. 

[Dr.  Golding  Bird  analyzed  the  urine  of  a  fine  but  emaciated  man 
aged  35  years,  who  stated  that  his  brother  had  died  of  diabetes.  The 
urine  in  twenty-four  hours  amounted  to  50  fluid  ounces,  and  had  a 
specific  gravity  of  1030. 

The  water  amoanted  to  - 

Solidfl           -  .  -           -           - 

Urea             .  -  .           -            . 

Uric  acid      -  -  -        - 

In  diabetes  chylosus  the  urine  contains  a  very  large  quantity  of 
albumen  and  fat,  so  as  to  give  it  almost  a  milky  appearance.  I  have 
already  alluded  in  general  terms  to  this  form  of  urine,  and  I  have 
only  further  to  add  that,  according  to  Chevallier,  it  comes  on  after 
the  use  of  mercury,  and,  associated  with  haematuria,  is  endemic  in 
the  Isle  of  France;  it  has  also  been  several  times  observed  in 
Europe. 

Willis  remarks  that  these  disturbances  in  the  renal  secretion  fre- 
quentlv  occur  without  causing  any  degree  of  constitutional  disease, 
and  often  without  any  detriment  whatever  to  the  general  health. 
Slightly  removed  from  this  form  of  urine,  is  that  in  which  a  pro- 
tein-compound approximating  to  a  modification  of  casein,  or  where 
actual  milk  (milk-metastasis,)  is  discharged  with  the  urine. 

We  have  lastly  to  mention  a  form  of  chylous  urine  in  which  fibrin 
and  albumen,  but  no  blood-corpuscles,  are  discharged. 

Abernethy  observed  urine  of  this  sort  in  a  woman,  and  Prout  has 
described  several  cases.  It  coagulates  spontaneously,  and  forms  a 
mass  which,  as  Abernethy  remarks,  might  be  served  up  at  table  for 
blanc-mange. 

Dropsy. 

During  dropsical  affections  the  urine  often  difiers  considerably  from 

its  normal  state.     Its  quantity  is  generally  less  than  in  a  state  of 

salth,  and  it  presents  various  peculiarities  in  quality.     It  is  some- 
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times  dark,  very  acid,  rich  in  uric  acid,  and,  according  to  Schdnlein, 
in  urea  also;  sometimes  it  contains  blood;  in  other  cases  it  is  pale  and 
opalescent,  resembling  anaemic  urine,  and  not  unfrequently  contain- 
ing a  considerable  amount  of  albumen;  but  this  suostance  is  by  no 
means  invariably  present  in  the  urine  of  dropsy. 

In  hydrothorax  the  urine,  according  to  SchSnlein,  is  secreted 
scantily ;  it  is  of  a  dark  purple  red  colour,  and  presents  a  fiery  appear- 
ance; during  the  approach  of  recovery  it  becomes  more  abundant, 
and,  especially  when  the  disease  is  complicated  with  inflammation  of 
the  pleura  or  lung,  throws  down  precipitates  of  a  reddish-yellow  or 
brick-dust  colour,  which  are  frequently  mixed  with  purulent  mucus. 

In  chronic  hydrothorax,  a  thick,  fiery-red  urine  is  generally  passed, 
which  speedily  deposits  a  considerable  sediment  of  a  brick-dust  or 
rose-red  colour;  in  some  few  cases  a  clear,  transparent  urine,  like 
that  which  is  passed  in  spasm,  is  discharged  in  tolerable  abundance. 

I  have  analyzed  the  urine  of  a  man  who  was  suffering  both  from 
hydrothorax  and  cavities  in  the  lungs.  It  was  deeply  coloured,  had 
a  strong  acid  reaction,  contained  no  albumen,  and  formed  a  slight 
sediment  of  urate  of  ammonia. 

Its  specific  gravity  was  1025.     Its  composition  was  as  follows: 

Analysit  145. 

Water 936^ 

Solid  constituents       ....  63*46 

Urea 82-17 

Uric  add    -           -           -           -           .  0^ 

Fixed  salts             ....  12-60 

Earthy  phosphates  ....  0*36 

Extractive  matter    ....  26*80 

In  ascites  inflammatorius  the  urine  is  secreted  in  diminished  quan- 
tity, is  of  a  dark  red  or  brownish  colour,  and  not  unfrequently  con- 
tains blood  in  a  state  of  solution,  or  blood-corpuscles ;  the  latter  may 
be  recognised  by  the  microscope,  and  if  the  urine  is  allowed  to  stand, 
they  form  a  red  sediment;  frequently,  however,  no  haemato-globulin, 
but  merely  albumen,  is  present  On  the  approach  of  recovery,  there 
is,  according  to  Schonlein,  a  copious  discharge  of  urine,  accompanied 
by  a  purulent,  and  subsequently  a  mucous  sediment 

At  the  commencement  of  chronic  ascites  the  urine  is  not  much 
diminished  in  quantity;  it  assumes  a  pale  or  opalescent  shining  green 
colour,  and  contains  a  large  quantity  of  albumen  and  mucus. 

Persons  suffering  from  periodic  ascites  pass  a  small  quantity  of  red^ 
turbid  urine,  which  sometimes  deposits  very  copious  sediments  of 
uric  acid  and  urate  of  ammonia.  Towards  convalescence,  the  dis- 
charge of  urine  becomes  very  abundant,  and  it  continues  to  throw 
down  copious  lateritious  sediments.  The  occurrence  of  a  clear, 
slightly  coloured,  spastic  urine,  without  these  critical  sediments,  must 
be  regarded  as  an  unfavourable  symptom,  since  it  indicates  renal  '^  col- 
liquation."  (Schonlein.) 

In  those  varieties  of  ascites  that  arise  from  affections  of  the  liver, 
spleen,  stomach,  and  generative  organs,  the  amount  of  urine  is  also 
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diminished.  It  appears  cither  of  a  dark  red  or  brown  colour  with- 
out sediments,  (as  when  the  ascites  arises  from  disorganization  of  the 
female  generative  organs,  or  of  the  pancreas,)  or  it  throws  down  co- 

fiious  latcritioiis  or  fawn-coloured  sediments,  (as  in  diseases  of  the 
iver,  spleen,  or  vena  portae;)  sometimes  it  is  coloured  with  bile,  as  in 
jaundice.    (Schdnlein.) 

Becquerel  likewise  observed  that  the  urine  in  ascites  arising  from 
disease  of  the  liver,  is  scanty,  highly  coloured,  and  almost  always 
throws  down  a  dark  or  reddish  sediment  of  uric  acid. 

In  dropsy  from  disease  of  the  heart  the  urine,  according  to  Bec- 
querel, assumes  various  phases;  it  may  be  pale  or  highly  coloured, 
clear  or  turbid,  with  or  without  sediments,  and  mayor  may  not  con- 
tain albumen.  He  also  observes  that  in  the  advanced  stage  of  hy- 
pertrophy of  the  heart  there  is  a  state  of  hypenemia  induced  in  some 
other  organs,  especially  a  good  deal  of  congestion  of  the  kidneys, 
much  as  occurs  in  the  first  stage  of  Bright's  disease,  which  causes  a 
change  in  the  elimination  of  the  urine  from  the  blood,  and  accounts 
for  the  transitory  presence  of  albumen,  the  same  as  we  observe  in  se- 
vere inflammatory  aflections. 

When  the  dropsical  symptoms  are  consequent  upon  disease  of  the 
heart  alone,  the  urine,  according  to  Becquerel,  is  not  so  much  changed 
as  when  hepatic  disease,  (especially  cirrhosis,)  is  associated  with  it: 
it  is  then  scanty,  deeply  coloured,  and  often  reddish,  very  acid,  of 
high  specific  gravity  (1025 — 1029,)  and  usually  throws  down  a  co- 
pious reddish  sediment  of  uric  acid  and  urate  of  ammonia. 

When  the  dropsy  arises  from  the  combined  influence  of  an  afiection 
of  the  heart  and  Bright's  disease,  the  urine  ordinarily  assumes  the 
special  characters  of  the  latter  disorder,  which  have  been  already  de- 
scribed. If,  however,  the  disease  of  the  heart  causes  much  functional 
disturbance,  the  urine  becomes  deeply  coloured,  more  acid,  and  de- 
posits a  sediment. 

When  the  dropsy  arises  solely  from  disease  of  the  kidneys^  the 
urine  is  always  albuminous:  the  majority  of  these  cases  fall  under 
Bright's  disease,  which  has  been  already  noticed.  I  examined  the 
urine  of  a  young  man  22  years  of  age,  in  a  far  advanced  stage  of 
ascites,  and  whose  subsequent  dissection  revealed  suppuration  of  the 
kidneys.  The  urine  was  pale,  turbid,  slightly  acid,  contained  much 
albumen,  and  deposited  a  sediment,  which  was  shown,  by  the  micro- 
scope to  consist  of  pus-  and  mucus-corpuscles:  its  specific  gravity  was 
1026. 

It  contained: 

AnalyMA  140. 

Water 935-50 

Solid  constituents        ....  64*50 

Urca 18-20 

Uric  acid    -            ...           -  1«10 

Albumen  and  pus^corpuscles            -           -  IS-CO 

Alcohol-cxtnict  with  ammonia  and  lactic  acid  12*35 

Watcr-cxtract          ....  4*60 

Fixed  salts  from  the  extractive  matters         -  6*20 
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The  amount  of  urea  was  much  diminished,  being  only  27g  of  the 
solid  residue,  whereas  the  normal  average  is  39§. 

On  the  other  hand  I  found  a  very  appreciable  quantity  of  urea  in 
the  dropsical  fluid,  obtained  by  puncturing  the  abdominal  parietes. 

Nysten  analyzed  the  urine  of  a  man  aged  18  years,  who  had  been 
suffering  from  ascites  for  several  months.  There  were  only  8  ounces 
of  urine  excreted  in  twenty-four  hours;  it  was  turbid  and  of  a  reddish 
colour,  very  frothy,  and  when  allowed  to  stand,  deposited  a  white 
flocculent  sediment  It  had  an  ammoniacal  odour,  a  strong  alkaline 
reaction,  and  contained  hardly  a  trace  of  urea;  but  a  considerable 
quantity  of  colouring  matter  and  albumen  were  found  in  it,  and  more 
salts  than  in  healthy  urine  of  digestion. 

Graves  also  observed  a  considerable  quantity  of  carbonate  of  am- 
monia in  the  urine  of  a  labourer  who  was  suffering  from  ascites,  ana- 
sarca, and  a  tympanitic  condition  of  the  intestinal  canal,  urea  being 
almost  entirely  absent 

In  a  case  of  ascites  arising  from  peritonitis,  which  was  only  fully 
recognised  on  dissection  by  the  changed  condition  of  the  peritoneal 
surface,  a  small  quantity  of  urine  was  discharged,  which  was  of  a 
dark  colour,  and  on  cooling  threw  down  a  considerable  lateritious 
sediment 

[Heller^  analyzed  the  urine  of  a  woman  aged  40  years,  suffering 
from  ascites.  The  secretion  was  tolerably  copious,  of  a  light  yellow 
colour,  and  turbid  from  containing  a  large  quantity  of  mucus.  It 
was  neutral,  but  speedily  became  alkaline.  Its  specific  gravity  was 
1007,  and  it  contained  in  1000  parts: 

Water 978^0 

Solid  constituents     ... 

Urea         .... 

Uric  acid  .... 

Extractive  matter  and  traces  of  albumen 

Fixed  salts,  chiefly  chloride  of  sodium 

In  anasarca  the  properties  of  the  urine  appear  to  vary ;  it  frequently 
contains  albumen  in  abundance,'  while  on  other  occasions  there  is 
not  a  trace  of  it 

Becquerel  relates  the  case  of  a  girl  9  years  of  age,  who,  after  being 
•xposed  to  a  sudden  and  violent  chill,  was  attacked  with  anasarca  on 
the  following  day.  The  skin  was  hot,'and  the  pulse  feverish;  after 
a  short  time  peritoneal  effusion  came  on,  but  the  urine  contained  no 
trace  of  albumen.  It  was  deeply  coloured,  of  high  specific  gravity, 
and  frequently  deposited  a  uric-acid  sediment 

In  five  cases  in  which  anasarca  succeeded  general  debility  (dropsy 
from  anaemia,)  Becquerel  found  the  urine  very  pale,  of  low  specific 

1  Archiv  fur  phys.  and  pathoL  Chemie,  vol.  1,  p.  47. 

'  Rayer,  Bright,  and  Christison  are  of  opinion  that  when  albuminous  urine  occurs  widi 
ananrca,  it  is  a  certain  indication  of  incipient  oiganic  change  in  the  kidney,  whik  on  the  other 
hand  Blackall  and  Graves  regard  the  apf)caranco  of  albumen  as  a  consequence  of  a  general 
inflammatory  diathesis.  Becquerel  adopts  an  intermediate  view;  he  attributes  the  appearance 
of  albumen  in  the  mine  in  inflammatory  afiR)ctioQs  to  a  transitory  congestion  of  the  cortical 
substance,  similar  to  that  which  is  found  in  tho  first  stage  of  Bright's  disease. 
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gravity  (from  1009  to  1012^)  and  of  a  greenish  tint.  In  one  case  he 
found  a  little  albumen. 

Graves'  relates  a  case  in  which  a  labourer,  after  getting  chilled, 
suffered  much  from  fever  and  anasarca.  The  urine  was  pale,  straw- 
coloured,  very  ammoniacal,  and  formed  a  sediment  of  earthy  phos- 
phates; it  contained  scarcely  a  trace  of  albumen.  Willis,  on  the  con- 
trary, with  hardly  an  exception,  found  the  urine  albuminous  when 
the  anasarca  arose  from  cold. 

[Scherer*  examined  the  urine  of  a  man  with  anasarca  succeeding 
a  severe  attack  of  broncho-pneumonia,  from  which  he  was  recovering. 
The  urine  contained  blood.  After  taking  inf,  senegx  for  four  days, 
the  hematuria  ceased.  The  secretion  was  then  analyzed;  its  specific 
gravity  was  1022;  and  it  contained  in  1000  parts: 

Water 966^ 

Solid  constitoentfl         ....  33-8 

Urea            «            -            .            -            .  18*6 

Uric  acid      -           -           -           -           -  M 

Lactic  aiKl  extractive  matter  -           -           -  6-4 

Solulile  aalta             .    <«      .            -            .  &9 

Earthy  phoepbatca  and  mucus           -           -  1*8] 

In  our  observations  on  scarlatina  we  remarked  that  in  the  anasarca 
which  so  frequently  succeeds  that  disease,  the  urine  sometimes  con- 
tains albumen,  and  sometimes  is  free  from  it 

In  ovarian  dropsy  the  urine,  according  to  Schonlein,  is  very  scanty; 
it  contains  a  large  quantity  of  albumen,  which  increases  in  amount  as 
the  disease  advances. 

Jaundice, 

In  jaundicej  whether  it  be  idiopathic  or  symptomatic,  the  urine 
contains  bile-pigment,  which  shows  itself  in  the  peculiar  colour 
which  it  communicates  to  that  fluid.  But  it  sometimes  also  contains 
other  constituents  of  the  bile,  for  I  have  detected  biliary  resin  in 
icteric  urine,  and  Gmelin  found  cholcsterin  in  a  case  in  which  the 
flow  of  bile  was  impeded. 

The  colour  of  icteric  urine  may  vary  from  a  saffron-yellow  to  a 
yellowish-brown,  brownish-red,  or  blackish-brown;  if  there  is  any 
doubt  whether  the  colour  is  produced  by  biliphsein,  we  must  adopt 
the  steps  described  in  page  439,  which  will  readily  determine  the 

Eoint     The  presence  of  bilifellinic  acid  may  sometimes  be  detected 
y  the  taste,  and  always  by  the  directions  given  in  page  439. 
The  specific  gravity  of  icteric  urine  is  variable:  it  depends,  (as  do 
the  proportions  of  the  ordinary  normal  constituents,)  upon  the  re- 
lative state  of  the  organism,  upon  other  complicating  diseases,  and 
upon  the  absence,  presence,  or  degree  of  vascular  disturbance. 

In  acute  icterus  accompanied  by  fever,  Schonlein  found  the  urine 
at  first  of  a  dark  red  or  brown  colour  from  the  presence  of  bile-pig- 

>  Urinary  Diseases  and  their  Treatment,  by  R.  Willis,  M.D.,  p.  12G. 
^  Untersuchungen,  dec,  p.  48. 
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ment;  it  afterward  became  gradually  darker,  and  at  last  as. black 
as  ink. 

It  continued,  however,  transparent,  and  did  not  form  sediments 
till  the  crisis. 

A  servant  girl  in  our  hospital  aged  about  20  or  more  years  pre- 
sented a  case  of  inflammatory  icterus.  The  skin  was  of  a  brown- 
yellow  colour,  the  tinge  on  the  face  and  breast  being  particularly 
dark;  the  pulse  was  feverish,  especially  towards  the  evening;  the 
mental  faculties  disturbed  and  delirium  during  the  night 

The  urine  was  of  a  brown,  almost  a  blood-red  colour,  (thih  strata 
appearing  of  a  deep  saffron  tint,)  it  had  a  powerful  acid  reaction, 
and  deposited  a  very  abundant  brownish-yellow  sediment,  which 
consisted  partly  of  crystallized  uric  acid  coloured  by  biliphaein,  and 
partly  of  urate  of  ammonia  coloured  in  a  similar  manner.  The  spe- 
cific gravity  of  this  urine  was  1020.     It  contained: 


Analytis  147 

Water           -            .           .            .            . 

954-50 

Solid  constituents       .           .           .           . 

45^ 

Urea 

12-34 

Uric  add  with  bilipbsin     - 

2-90 

Akohol-extrBCt       .            .            .            . 

4*35 

Spirit-extnut          -           -           .           . 
Water-extract,  mucns,  and  bile  pigment 

5-29 

5-14 

Biliaiy  resin          .           .           .           . 

1-45 

BiltverJin    .           -           -           •           • 

1-08 

Earthy  phoq[)hate8 

8-14 

Chlonde  of  sodium  and  lactate  of  soda 

ti-Gl 

Alkaline  sulphates  and  phosphates  with  7  o^i 

traces  of  diloride  of  sodium  -     ) 

This  analysis  presents  several  points  worthy  of  consideration. 
The  urea  is  much  below  the  normal  average,  amounting  to  only  27J 
instead  of  39§  of  the  solid  residue.  The  uric  acid  is  much  increased, 
for  it  amounts  to  6*3^,  whereas  the  normal  average  is  only  1*5J;  it 
must,  however,  be  remembered  that  the  uric  acid  from  a  very  con- 
siderable sediment  of  urate  of  ammonia  has  been  included,  and  that 
a  certain  amount  of  bile-pigment  was  associated  with  it.  The  fixed 
salts  are  below  the  normal  average,  amounting  to  only  19g,  the  earthy 
phosphates  on  the  other  hand  amounted  to  4*9g. 

An  analysis  of  the  blood  of  this  person  has  been  given  in 
page  269. 

In  common  or  chronic  icterus,  where,  instead  of  there  being  fe- 
brile symptoms,  the  pulse  becomes  slower  as  the  disease  advances, 
the  urine  is  at  first  of  a  dark  red  colour,  after  a  time  it  becomes  of  a 
dark  brown,  and  often,  according  to  Schonlein,  of  an  inky  tint:  to- 
wards convalescence  it  clears  up,  and  gradually  returns  to  the  nor- 
mal state. 

*  The  biliaiy  resin  and  biliveidin  were  taken  up  b^  anhydrous  alcohol  with  the  urea  and 
akx)hol- extract  On  evaporating  the  alcohol  and  adding  water,  the  biliaiy  resin  and  biliveidin 
were  precipitated;  this  latter  was  separated  from  (he  resin  by  digestion  in  a  weak  solution  of 
ammonia;  which  on  evaporation  kft  the  green  colouring  matter. 
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I  made  an  analysis  of  the  urine  of  a  man  suffering  from  icterus, 
anasarca,  and  haemoptysis,  who  was  being  treated  in  our  hospitaL 

This  analysis  corresponded  closely  in  its  results  with  the  pre- 
ceding one. 

The  urine  was  of  a  brownish  red  colour,  very  turbid,  had  an  acid 
reaction,  and  deposited  two  layers  of  sediment,  the  under  one  of  a 
lateritious  appearance,  and  the  upper  of  a  brown  colour;  both  con- 
sisted of  urate  of  ammonia  coloured  partly  with  uroerythrin  and 
Eartly  with  biliphaein.  The  urine  became  perfectly  clear  on  being 
cated,  nnd  at  the  boiling  point  gave  no  indications  of  albumen. 
Nitric  acid  caused  no  precipitate,  but  produced  the  well-known 
shades  of  colour  dependent  on  the  presence  of  bile-pigment  The 
specific  gravity  was  1014. 

The  urine  contained: 

Analyiii  148. 
Water 9C'^-80 


Solid  oooititueQts 
Ure« 

Uric  add    - 
Urate  of  ammnnia 
Fixed  salts 
Earthy  phoiphatcs 


37-ao 

1-01 
3«1 
0-70 
074 


The  urea  in  this  case  amounts  to  only  29S  of  the  solid  residue, 
and  the  uric  acid  independently  of  the  urate  of  ammonia  to  2*7  J,  the 
latter  alone  amounting  to  9J:  the  salts  are  diminished,  with  the  ex- 
ception of  the  earthy  phosphates,  which  are  increased,  and  amount 


to  28- 

[Scherer^  mentions  a  case  of  long-standing  icterus,  dependent  ap- 
parently on  chronic  inflammation  of  the  parenchyma  of  the  liver,  in 
which  the  urine,  on  emission  was  clear,  yellow,  and  perfectly  neu- 
tral, but  after  standing  three  or  four  hours  became  acid  and  deposited 
uric  acid  combined  with  a  large  amount  of  bile-pigment  as  an  amor- 
phous, yellowish-brown,  floccuient  mass.  The  development  of  the 
acid  (lactic,  according  to  Schercr)  proceeded  rapidly,  and  in  the 
course  of  twenty-four  hours  the  yellow  colour  of  the  urine  became 
converted  into  a  blackish  green.  The  deposition  of  the  sediment 
and  the  change  of  colour  could  be  more  speedily  induced  by  the  ad- 
dition of  a  ^w  drops  of  acetic  or  hydrochloric  acid  to  the  fresh 
urine.  The  specific  gravity  was  1018,  and  in  1000  parts  there  were 
42-5  of  solid  residue,  including  only  4-3  parts  of  urea,  while  there 
were  no  less  than  1*8  of  uric  acid.  In  the  course  of  ten  weeks  he 
had  much  improved,  and  was  able  to  take  exercise  in  the  open  air. 
The  solid  constituents  were  then  reduced  to  35*6,  and  the  uric  acid 
to  0-6,  while  the  urea  rose  to  12-4.  The  urine  of  this  patient  con- 
tained a  large  quantity  of  silica.] 

^  Untcrsuchungen,  &c.  p.  59. 
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Hysteria. 

In  attacks  of  hysteria  the  urine  is  often,  but  not  invariably,  re- 
markable for  its  clear  limpid  appearance,  and  for  the  extremely  small 
quantity  of  solid  constituents  which  it  contains:  in  fact,  it  is  some- 
times very  like  common  water. 

Becquerel  observes  that,  in  nervous  attacks,  the  urine  is  not  always 
spastic  and  secreted  in  large  quantity,  but  that  it  sometimes  resem- 
bles the  normal  secretion,  and  in  certain  cases  he  even  found  it 
deeply  coloured,  of  high  specific  gravity,  loaded  with  uric  acid,  and 
occasionally  depositing  a  sediment. 

He  observed  similar  variations  in  the  urine  at  the  commencement 
of  an  attack  of  hemicrania. 

Nysten  mentions  an  analysis  of  nervous  urine,  which  was  perfectly 
limpid,  had  an  acid  reaction,  contained  more  urea  than  the  urina 

g)tus,  but,  on  the  other  hand,  less  uric  acid  and  salts.     According  to 
olio,  urea  and  the  organic  constituents  are  wanting  in  spasmodic 
urine,  and  it  contains  only  the  ordinary  salts. 

In  cramp  of  the  stomach,  Gmelin  found  the  urine  darker  than 
usual;  it  contained  bile-pigment,  which  was,  however,  somewhat 
modified,  since  on  being  precipitated  with  hydrochloric  acid,  and 
being  again  dissolved  in  potash,  it  gave  a  beautiful  red  with  nitric 
acid,  without  previously  going  through  the  green  and  blue  tints. 

Marasmus  senilis. 

[Scherer^  has  published  an  analysis  of  the  urine  in  a  case  of  ma- 
rasmus senilis  accompanied  with  gangrene. 
It  contained  in  1000  parts: 

Water 927'45 

Solid  ooosUtuents        •           •           .           .  72*55 

Urea 17-52 

Uric  acid     -  -  -  -  -     •       1*70 

AIcohol-eitTact        ....  Id'aS 

Water-extract          ....  15-00 

Soluble  salts            ....  2O00 

Earthy  phosphates  .            -                        -  4-C7 

The  amount  of  soluble  salts  and  earthy  phosphates  is  remarkably 
large. 

A  man  aged  29  years,  labouring  under  marasmus  from  sexual 
abuses,  was  observed  by  Dr.  Golding  Bird  to  pass  daily  thirty-six 
ounces  of  urine  of  specific  gravity  1024. 

The  water  amounted  to      -           -           •           -  15227  grains. 

The  solids 901 

Uiea       •           -           -           -           -           •  269^ 

Uric  add 36-0] 

Carcinoma. 

The  urine  in  scirrhus  ventriculi  is,  as  Berzelius  has  remarked, 
sometimes  turbid,   has  a  milky  look  when  it  is  discharged,  and 

1  Untersuchungen,  6cc  p.  75. 
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deposits  a  white  sediment  of  mucus  and  phosphate  of  lime;  Fromherz 
and  Gugert  also  found  mucus  and  earthy  phosphates  in  the  urine  of 
a  person  who  was  liable  to  frequent  vomiting  in  consequence  of 
scirrhus  of  the  pylorus;  the  urine  was  alkaline  from  the  presence  of 
carbonates  of  soda  and  ammonia,  and  contained  no  uric  acid^  but 
much  urea. 

In  opposition  to  these  statements  I  found  the  urine  secreted  in 
small  quantity,  deeply  coloured,  without  a  sediment,  and  with  a  very 
acid  reaction,  in  an  advanced  case  of  scirrhus  ventriculi,  occurring  in  a 
man  in  Schdnlein's  clinical  ward,  who  vomited  matter  like  coffee 
grounds. 

Four  days  afterwards,  when  the  vomiting  was  partially  checked 
by  the  use  of  morphia,  the  urine  was  turbid  and  jumentous:  it  con- 
tinued acid,  and  subsequently  formed  a  copious  sediment  of  urate  of 
ammonia,  while  the  clear  urine  above  the  precipitate  was  so  dark 
that  bile-pigment  was  suspected  to  be  present,  which,  however,  was 
not  the  case.  The  urine  continued  to  throw  down  sediments  till  the 
death  of  the  patient,  which  occurred  not  long  afterwards;  it  became, 
however,  of  a  brighter  colour. 

Becquerel  observes  that  in  cancer  of  the  stomach  he  has  found  the 
urine  normal,  when  there  has  been  but  little  functional  disturbance: 
dark,  sedimentary  and  very  acid,  when  there  has  been  severe  pain 
and  frequent  vomitins:  and,  finally,  he  has  found  it  anaamic  in  cases 
in  which  the  physical  powers  have  been  reduced  to  the  lowest  ebb 
by  the  disease. 

In  cancer  of  the  liver,  Becquerel  found  the  urine  undergo  the  same 
modifications  that  I  have  described  as  occurring  in  cancer  of  the 
stomach.  It  was  very  dark,  very  acid,  of  hieh  specific  gravity  {\02S 
— 1026,)  and  threw  down  a  copious  red  sediment. 

In  cirrhosis  of  the  liver,  Becquerel  found  the  urine  much  the  same 
as  in  cancer,  except  that  when  the  cirrhosis  was  accompanied  by  icterus, 
bile-pigment  found  its  way  into  the  urine. 

[I  am  indebted  to  Dr.  Percy  for  the  following  analysis  of  the 
urine  of  a  man  labouring  under  deep  and  permanent  jaundice  con* 
sequent  on  true  carcinoma  of  the  liver,  of  which  he  died. 

The  urine  contained  in  1000  parts: 


Water            .           -           -           .           . 

97900 

Solid  residue  -           •           •           .           . 

21-00 

Uiea 

3-76 

Indetenninate  oiganic  matter 

8-78 

Salts  aoiaUe  in  water 

8*18 

Salts  inaoIaUe  in  water 

088 

It  was  deeply  tinged  with  bile-pigment,  but  deposited  no  sedi- 
ment. 

The  small  amount  of  urea  may  be  accounted  for  by  the  fact  of 
great  emaciation  consequent  on  long  previous  mal-assimilation,  and 
the  small  amount  of  metamorphosis  of  tissue  occurring  in  the  pa- 
tient] 
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Syphilis, 

[Heller  examined  the  urine  of  a  man  aged  38  years,  who  was 
taking  iodide  of  potassium  for  a  syphilitic  eruption  accompanied  with 
pains  in  the  bones.  When  the  urine  was  first  examined  he  was 
taking  two  scruples  daily  in  three  ounces  of  distilled  water;  on  the 
second  occasion  (four  days  afterwards)  he  was  taking  additionally 
half  a  grain  of  iodine. 

1.  2. 

Specific  gravity   •  -  -        1015  1021 

Water    ....         974*800  954-40 

Solid  conrtitoenta            -           -           25-200  4&60 

Urea  ....             7-736  13-82 

Uric  add         •           -           -             0-310  0-51 

Extractive  matteia  and  hydrodUorate  >   5.403  12*]  5 

of  amrnonia  -  -        I 

Fixed  aalta^  induding  iodide  of  potaa- 1 .  0^500  19^32 
fBimi            -            -           -        5 

The  urine  on  the  first  occasion  was  excreted  in  about  the  normal 

Suantity,  was  of  a  dark-yellow  colour^  and  had  an  acid  reaction:  on 
le  second  occasion  it  was  of  an  intensely  dark-yellow  colour,  and 
its  reaction  was  faintly  alkaline;  its  amount  was  also  diminished. 
No  albumen  or  biliphsein  was  present  in  either  case. 

After  the  continuance  of  the  second  prescription  for  eight  days^ 
the  urine  of  twenty-four  hours  was  collected  with  the  view  of  ascer- 
taining the  amount  of  iodine  removed  by  the  kidneys.  The  whole 
daily  urine  amounted  to  850  grammes  or  24*5  ounces. 

In  order  to  estimate  the  amount  of  iodine,  200  grammes  of  urine 
were  evaporated,  the  residue  dissolved  in  water,  and  ammonia  added 
to  the  filtered  solution  till  it  exhibited  a  strongly  alkaline  reaction. 
On  the  addition  of  nitrate  of  silver  a  precipitate  was  thrown  down 
which  was  washed  with  a  weak  solution  of  ammonia,  dried,  and 
weighed. 

From  the  200  grammes  of  urine  0*94  of  iodide  of  silver  were  ob- 
tained, containing  0*507  of  iodine;  hence  1000  parts  of  urine  con- 
tained 2*535  of  iodine,  corresponding  to  3*322  of  iodide  of  potassium. 
Consequently,  in  the  whole  daily  amount  of  urine  there  were  con- 
tained 2*824  grammes  or  38*689  grains  of  the  iodide.  Now  the  40 
grains  of  iodide  of  potassium  and  half  grain  of  iodine  may  be  re- 
garded as  equivalent  to  40*626  grains  of  the  iodide  alone  (for  iodine 
is  always  in  a  state  of  combination  when  it  occurs  in  the  secretions,) 
and  consequently  the  whole  of  the  iodide  was  removed  by  the  kid- 
neys, with  the  exception  of  nearly  two  grains  which  were  distributed 
partly  to  the  saliva,  sweat,  nasal  mucus,  &c.,  and  partly  remained  in 
the  blood.] 

Skin-diseases, 

[The  urine  in  a  case  of  urticaria  tuberculosa  has  been  analyzed  by 
Scherer.  The  patient  was  a  young  man  who  likewise  suflered  from 
rheumatism.  The  urine  was  discharged  in  very  small  quantity,  of- 
ten not  more  than  five  or  six  ounces  in  forty-eight  hours.     It  was 
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clear,  of  a  brownisb-red  colour^  very  acid,  and  its  specific  graTity 
was  102S. 

It  coataioed  in  1000  parts: 


Water 

SoGd 

Urea  -  .  -  - 

Uric  arid    -  -  .  • 

Akdiol-eztiact  with  mndi  lactic  add 
Watcr-cx  tract         ... 
Alkaline  nlta 
Eartfav  phoflphalBB  ... 


931-56 

G&42 

a(M6 

(K74 

4-92 

M3 


The  most  remarkable  points  in  the  constitution  of  the  urine  are 
the  large  amount  of  earthy  phosphates,  and  the  excess  of  free  acid. 

Heller^  has  published  three  analyses  of  the  urine  in  cases  of  herpes 
zoster. 

1.  A  boy  aged  8  years;  eruption  on  the  right  side,  no  fever,  uri- 
nary secretion  abundant.  The  urine  was  of  a  pale  yellow  colour, 
rather  turbid,  rapidly  became  putrid,  and  deposited  a  sediment  of 
beautifully-formed  crystals  of  ammoniaco-magnesian  phosphate. 

The  urine  was  faintly  alkaline  on  emission,  and  its  specific  gravi^ 
varied  from  1014  to  1015. 

It  contained  in  1000  parts: 


Water           ..... 

97000 

Solid  coofltitQentf       .... 

30O0 

Urea 

Uricacid 

tiBoea 

Fat 

U-14 

A  Uttk  cxtTacti\-e  matter  with  a  hm  amount  > 
c£  hydrorlikinitA  and  rariwMte  nrAnvnflnf<i   % 

9-32 

Fixed  nlta             .... 

ii-eo 

nrwHitiiig  0^ 

Eartb^  phosphatea  .... 

2O00 

Chloride  of  sodium              ... 

4-154 

Sulphate  of  potash  .... 

0-164 

Fhoaphato  anl  caibooate  of  aoda,  &c 

&283 

No  trace  of  hippuric  acid  could  be  discovered. 

^.  A  man  aged  31  years;  eruption  on  right  side,  slight  fever. 
Urinary  secretion  considerably  suppressed,  the  urine  analyzed  being 
the  first  that  had  been  passecl  for  twenty-four  liours.  In  a  few  hours 
it  formed  a  sediment  of  ammoniaco-magnesian  phosphate  and  urate 
of  ammonia. 

It  was  strongly  alkaline,  and  its  specific  gravity  was  1028. 

It  contained  in  1000  parts: 

Water 944^0 

Solid  oonstitueiits       ....  5&60 

Urea 15-79 

Uric  add  with  a  little  orate  of  ammonia       -  l-SO 

Fat 0-34 

£xtractiTe  matters  with  mudi  hjdrocfalonite  >  21*35 

and  caihonate  of  ammonia  -  > 

Fixed  salts  in  the  sediment              -            •  0-43  )  n^^- 

Fixed  salts  in  the  urine       -           -           -  16-38  5^^'^ 


>  Aix:hiv,  ToL  1,  pp.  3943L 
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COfMBitlDg  O^ 

Earthy  pboqphates 
Chlonde  of  sodiom 
Sulphate  of  potash 
Phoiphate  oiaoda,  dee. 


&10 
&S4 


3.  A  young  man  aged  19  years;  eruption  chiefly  on  left  side,  no 
fever.  The  urine  was  very  clear.  In  the  course  of  twelve  hours  it 
became  tufbid  and  deposited  beautiful  crystals  of  ammoniaco-magne- 
sian  phosphate.     Specific  gravity  1018. 

The  urine  contained  in  1000  parts: 


Water 

968^ 

Solid  conatitiiuiits        .... 

4M0 

Urea 

14-20 

Uric  add    .           -           -           .           - 

0^ 

Fat 

0-12 

Extractiw  matters^  much  hydrodilorate  of) 
ammonia,  dee.                                      ) 

12']4 

^^  m^m 

Fixed  aalts             .... 

14*44 

oooBBtrng  o( 

Earthy  phoiphates  .... 

2-60 

Chlonde  of  sodium             ... 

5-40 

Sulphate  of  potarii              ... 

(H)8 

Ftioephate  and  caiixnate  of  soda,  dec. 

6*36 

From  these  analyses  we  may  conclude  that  in  herpes  zoster  the 
chief  peculiarities  of  the  urine  are: 

1.  A  marked  increase  of  the  chlorides  and  phosphates,  and  a  cor- 
responding diminution  of  the  sulphates. 

2.  An  excess  of  hydrochlorate  of  ammonia. 

3.  A  large  amount  of  fat 

4.  A  diminution  in  the  amount  of  uric  acid.  An  increase  only 
occurs  when  the  disease  is  accompanied  with  fever. 

The  presence  of  oxalate  of  lime  may  always  be  suspected  in  these 
cases. 

The  urine  in  a  case  of  pompholix  has  also  been  analyzed  by  Heller. 
The  patient  was  a  woman  aged  40  years;  the  attack  was  very  severe 
and  proved  fatal.  The  urine  deposited  a  light  cloudy  sediment  con- 
sisting principally  of  mucus,  but  also  containing  fat-globules,  urate 
of  ammonia,  and  a  few  epithelium-scales.  It  was  acid,  and  its  spe- 
cific gravity  was  1017*5. 


3d  m  1000  parts: 

Water 

-        96&60 

Solid  coofltituents 

44-20 

Urea          -            -           . 

24-63 

Uric  add    - 

0-58 

fSxtracti^  matten              • 

11-79 

Fixed  adts 

T-ao 

Of  the  fixed  salts  the  earthy  phosphates  were  normal,  the  sulphates 
much  increased,  and  the  chloride  of  sodium  proportionally  dimi- 
nished.    The  urea  is  considerably  above  the  normal  average.] 
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ON    SOME    OTHER  ^MODIFICATIONS    OF    THE    UBINE    INDUCED    BT 

DISEASE. 

.  Fat  in  urine. 

There  are  certain  morbid  conditions  in  which  fat  is  excreted  in  a 
free  state  with  the  urine,  which,  at  the  same  time,  is  neither  chylous 
nor  milky,  nor  contains  any  large  amount  of  albumen  or  casein. 
Urine  of  this  sort  most  commonly  occurs  in  those  diseases  in  which 
there  is  a  very  rapid  loss  of  substance  and  force.  I  have  on  several 
occasions  detected  fat  in  the  urine  of  phthisical  persons,  and  on  two 
occasions  I  have  found  it  during  tabes.  I  have  already  (see  page 
437)  explained  in  what  manner  the  presence  of  fat  may  be  detected 
with  certainty;  I  would  here  add  a  word  of  caution,  that  the  presence 
of  fat  from  extraneous  sources,  as  improperly  cleaned  glasses,  &c. 
must  be  carefully  guarded  against 

Such  cases  as  that  which  is  related  by  Bachetoni,^  in  which  a 
noble  young  lady  is  reported  to  have  discharged  two  ounces  of  olive 
oil  with  the  urine  on  different  occasions,  must  at  least  be  regarded 
as  mysterious;  Elliotson'  also  witnessed  the  daily  discharge  of  about 
one  third  of  an  ounce  of  oil  with  the  urine  of  a  woman  sunering  from 
biliary  calculi. 

[A  case  of  fatty  urine  has  been  recently  described  by  Dr.  Golding 
Bird  (Urinary  Deposits,  page  263.)  An  analysis  of  this  form  of 
urine  has  likewise  been  given  in  page  469  of  this  volume.] 

Milk  in  urine. 

In  speaking  of  diabetes  I  adverted  to  chylous  urine,  and  said  a 
few  words  regarding  milky  urine.  It  appears  from  an  essay  of 
Rayer,  in  which  he  enters  fully  into  the  subject,  that  this  form  of 
morbid  urine  is  extremely  rare;  but  that  the  term  *  milky  urine*  has 
frequently  been  applied  incorrectly  to  the  fluid  simply  from  its  having 
a  turbid  or  emulsive  appearance,  while  there  has  been  no  trace  of 
casein,  but  the  fat  has  been  suspended  by  means  of  albumen. 

The  only  recorded  cases  of  actual  milky  urine  containing  casein 
and  fat,  are  one  by  Canubio,  of  a  woman  who  was  suckling;  one  by 
Alibert,  of  a  healthy  young  widow;  and,  lastly,  a  case  by  Graves. 

Excess  ofhippuric  acid  in  urine. 

[There  are  certain  conditions  of  the  system  in  which  an  excess  of 
hippuric  acid  occurs  in  the  urine,  independently  of  those  cases  in 
which  benzoic  or  cinnamic  acid  is  taken  either  in  the  food  or  as  me- 
dicine. 

Comment.  Bonon.  Fan  I,  ad  amu  1787. 

2  On  the  discharge  of  fatty  matters  from  the  alimentary  and  urinaiy  paaBase&  (Medico- 
Chirurg.  Tranaactions,  vc^  18,  p.  80.) 


UEINS. 


541 


The  following  case  is  recorded  by  Bouchardat^ 

A  lady  aged  53  years,  suffering  from  lassitude,  dry  skin  and  tongue, 
occasional  pain  in  the  region  of  the  liver,  loss  of  appetite,  and  great 
thirst,  passed  a  large  quantity  of  limpid  urine  possessing  an  odour  of 
whey.  Its  specific  gravity  varied  from  1006  to  1008;  it  slightly 
reddened  litmus  paper,  and  contained  in  1000  parts: 


Water            -           .           .           . 

.        98&00 

Solid  coDstitaents 

14-00 

Urea           -            -           .           . 

1*56 

Hippuncadd 

2-23 

Lactate  of  soda 

QyQfi 

Albumen    -           -           .           . 

1-47 

Mucus        -           *           .           . 

0-20 

Chloride  of  flodram 

2-75 

Phosphate  of  soda  - 
Alkaline  sulphates 

OW 
144 

Earthy  phosphates 

0^2 

Dr.  Garrod'  has  narrated  the  case  of  a  man  suffering  from  pain  in 
the  loins  and  symptoms  of  atonic  dyspepsia,  with  flabby,  white  furred 
tongue,  who  excreted  a  considerable  amount  of  hippuric  acid. 

When  examining  the  urine  for  the  purpose  of  ascertaining  the 
proportion  of  uric  acid  by  the  addition  of  a  small  quantity  of  hydro- 
chloric acid,  he  found  the  tube  filled  with  crystals  of  hippuric  acid, 
and  on  these  large  crystals  smaller  ones  of  uric  acid  were  deposited. 
For  several  days  he  found  as  much  as  half  a  drachm  in  six  ounces  of 
urine,  or  about  10  of  hippuric  acid  in  1000  parts.  It  afterwards 
gradually  diminished,  requiring  considerable  evaporation  before 
crystals  were  deposited,  and  ultimately  disappeared.  The  patient 
had  previously  suffered  from  voiding  an  excess  of  urea,  and  his  urine 
had  contained  a  deposit  of  ammoniaco-magnesian  phosphate. 

Dr.  Pettinkoffer'  has  also  published  an  analysis  of  urine  containing 
an  excess  of  hippuric  acid.  The  patient  was  a  girl  aged  13  years, 
suffering  from  chorea.  The  urine  was  limpid  and  acid  on  emission, 
but  soon  became  alkaline  and  deposited  crystals  of  ammoniaco-mag- 
nesian phosphate.  After  pouring  nitric  acid  on  the  evaporated  alco- 
holic extract  with  a  view  of  determining  the  amount  of  urea.  Dr. 
Pettinkoffer  was  surprised  to  find  that  instead  of  the  usual  crystalline 
plates  of  nitrate  of  urea,  brownish  yellow  needles  made  their  appear- 
ance. Under  the  microscope  the  needles  were  found  to  be  six-sided 
prisms,  in  some  places  intermingled  with  plates  of  nitrate  of  urea. 
The  urine  evidently  contained  a  large  amount  of  hippuric  acid  in 
combination  with  potash  or  soda,  from  which  the  nitric  acid  sepa- 
rated it.  When  the  alcoholic  extract  of  the  urine  was  evaporated, 
mixed  with  hydrochloric  acid,  and  allowed  to  stand,  four-sided  pris- 
matic crystals  of  hippuric  acid  were  deposited. 

1000  parts  of  urine  contained  40*668  of  solid  residue,  of  which 
31*251  were  soluble  in  spirit,  and  consisted  of  hippurates,  urea,  ex- 
tractive matters,  and  chlorides;  while  the  remaining  9-417  were  com- 


1  Annuaife  de  Th^rapeutique,  1842,  p.  285. 
3  Lidng's  und  Wohler's  AxmaleD,  vol  50,  No.  1. 


2  Lancet,  Nov.  IC,  1844. 
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posed  of  urates,  phosphates,  and  sulphates,  togetlier  with  mucus  and 
water-extract. 

The  solid  residue  yielded,  on  incineration,  10*599  of  fixed  salts. 

On  the  following  day,  1000  parts  of  urine  yielded  49-825  of  solid 
residue  and  12*985  of  ash,  consisting  of: 

Caibonate  ot  lodA      -  -  -  -  3-f)96 

Chlorides  of  ■odnim  and  polaniiim     -  *  6*181 

Phonhate  of  lodA      ....  0-128 

Su^hatooflime        ....  0^14 

If  we  consider  that  the  alkaline  carbonate  in  the  ash  corresponds 
with  the  hippurate  in  the  urine,  then  1000  parts  of  urine  must  have 
contained  12-886  of  anhydrous  hippuric  acid,  and  100  parts  of  solid 
residue  25-8  of  the  same  constituent  During  this  period  the  only 
food  taken  by  the  girl  was  bread,  apples,  and  water;  she,  however, 
gradually  resumed  her  ordinary  diet,  and  the  excess  of  hippuric 
simultaneously  disappeared.] 

Urostealith  in  urine, 

[Heller^  has  recently  announced  the  discovery  of  a  new  constitu- 
ent of  urinary  calculi,  to  which  he  has  given  the  name  ttrosfealiik. 
It  is  soluble  in  carbonate  of  soda;  and  when  that  remedy  is  adminis- 
tered, urostealith  in  a  state  of  solution  is  found  in  the  urine. 

The  patient  was  a  man  of  tolerably  good  constitution,  aged  24 
years;  he  complained  of  pain  in  the  region  of  the  right  kidney,  and 
diiOSculty  in  micturition,  occasionally  passing  small  elastic  soft  con- 
cretions. These  were  examined  by  Heller,  and  found  to  be  perfectly 
soluble  in  alkalies,  with  which  they  formed  a  soap. 

Analysis  qf  the  urine  b^ore  the  administration  of  carbonate 
qf  soda, — 25th  Feb.  The  urine  had  a  light  yellow,  whey-like  ap- 
pearance, no  odour,  and  deposited  a  sediment  of  ammoniaco-magne- 
sian  phosphate.  Fat-globules  were  detected  under  the  microscope. 
The  reaction  was  neutral;  the  specific  gravity  1017*5.  It  contained 
in  1000  parts: 

Watasr 96&B00 


Solid  constituentB       ..... 
Urea          -           -           .           -           . 
Fat 

Extractive  matters  with  much  hydroclilorate  of  ammoiua 

Fixed  nlta 

consisting  of, 
Kaith^  pboq)hale8  ..... 
Chknde  of  sodium  .... 

Sulphate  of  potash  .... 

BasK  phoqphate  of  soda  and  peroxide  of  iron 


34-900 

12€3l 

0-390 

8-669 

1»680 


|llSL680 


9.0401 
0-163 
9-996 
8-1 81 J 

Moreover,  every  1000  parts  of  urine  threw  down  0*62  of  pure 
ammoniaco-magnesian  phosphate.  Not  a  trace  of  uric  acid  could  be 
detected. 


1  Archiv  fur  phys.  und  patholog.  Chemie,  vol  9,  p.  I. 
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28th  Feb.  The  day  after  the  carbonate  of  soda  had  been  given 
the  urine  was  neutral,  of  a  pale  yellow  colour,  and  had  a  specific 
gravity  of  1006.  Fragments  of  urostealith  were  detected  in  the 
sediment,  mixed  with  ammoniaco-magncsian  phosphate.  No  uric 
acid  was  present. 

By  the  2d  of  March  the  calculus  of  urostealith  was  almost  entirely 
dissolved.  The  reaction  of  the  urine  was  neutral;  the  addition  of 
ammonia  produced  a  reddish  brown  tint ;  (this  is  regarded  by  Heller 
as  a  test  for  urostealith;}  uric  acid  was  still  absent  The  specific 
gravity  was  1020.     The  urine^ contained  in  1000  parts: 

Water 959-90 

Solid  cunstituents       ....  40*10 

Urea 11-20 

Fat  and  urostealith  -  •  -  3*40 

Extractive  matters  and  hydrochlorate  of  ammciiia    8-29 
Fixed  salts  ....         17-21 

No  sediment  was  deposited.  In  order  to  obtain  the  urostealith,  a 
large  quantity  of  urine  was  evaporated,  and  sulphuric  acid  added  in 
order  to  decompose  the  soap.  The  urostealith  was  taken  up  by 
boiling  ether,  which,  on  evaporation,  yielded  a  violet  tint.  For 
further  information  on  the  chemical  characters  of  this  substance  I 
must  refer  to  Chapter  XII.] 

Semen  in  urine. 

m 

It  may  sometimes  be  of  importance  to  ascertain  whether  the  urine 
contains  any  seminal  fluid.  This  point  can  be  best  settled  by  the 
microscope.  We  find  mucous  floccules  in  the  urine ;  and  if  semen 
is  present,  the  spermatozoa  will  be  detected  amongst  them.  They 
are  represented  in  fig.  33. 

Urine  of  peculiar  colours. 

Some  cases  have  been  recorded  in  which  the  colour  of  the  urine 
has  deviated  extremely  from  the  normal  type.  A  case  is  related  by 
Janus  Plaucus,  in  which  a  dark  blue  sediment  was  precipitated  from 
the  urine  of  a  man  60  years  of  age,  a  short  time  before  his  death. 
He  had  formerly  sufiered  from  dysuria  and  vesical  calculus,  and  sub- 
sequently from  typhus  fever. 

Marcet,  Prout,  Braconnot,  Babington,  Gamier,  Spangeberg,  and 
others,  have  observed  blue  and  black  urine.  I  have  related  a  case 
in  which  the  urine  deposited  a  blue  sediment,  in  page  502. 

I  have  made  an  examination  of  the  urine  passed  by  a  man  at  Gra- 
fenberg,  who  had  spent  many  years  in  the  East  Indies,  and  returned 
to  Europe  for  the  benefit  of  his  health.  It  had  a  strong  ammo- 
niacal  odour,  was  of  a  clear  blue  colour,  and  deposited  a  somewhat 
copious  dark-blue  sediment,  which  appeared,  from  a  microscopic 
examination,  to  consist  of  very  fine  amorphous  matter  (on  which 
the  blue  colour  was  dependent)  and  a  few  crystals  of  ammoniaco- 
magnesian  phosphate.     On  treating  a  portion  of  the  washed  and  dried 
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fHif»«nt  with  caostie  potash,  the  eoloar  did  cot  dWipprar; 
wat  not  depeadetit  on  the  pmecce  of  iodide  of  atjrcli  or 
UcK.  Dii^Jte  OTITIC  acids  and  hjdrochSone  aeid  oexther 
it  nor  deftroved  its  coloar:  bat  on  dieesting  it  in  nitrie  leid.  the  tint 
changed  from  blue  to  yeliow.  Digested  in  cooeeiitnted  solpfavk 
aeidy  it  dissolved,  forming  a  solution  of  an  indico  eoloar.  On  wana- 
log  a  portion  of  the  sediment  on  p!atinam  (oiL  it  first  eroiw^  a 
onnoos  odour,  and  subsequently  rolatilized,  going  off  in  deepviok^ 
coloured  vapour.  The  most  convincing  proof  that  the  blue  tint  wis 
due  to  indigo,  was  that  on  wanning  a  portion  of  the  Kdimcnt  with 
dilute  alcohol  to  whfch  grape  sugar  and  potash  had  beea  added,  the 
fluid  lost  its  blue  tint,  and  assumed  a  jellowish-red  cdoar,  which, on 
shaking,  was  converted  into  an  intense  blood-red,  and  then  rapidlj 
into  a  green.  On  allowing  it  to  rest  the  green  tint  disappeared,  and 
tlie  fluid  assumed  a  yellowish-red  colour.  All  these  phenomena  led 
to  the  conclusion  that  the  colouring  matter  was  indigo.  I  have  since 
heard  that  specimens  of  the  same  urine  were  sent  to  Bouchardat, 
Liebig,  and  Prout,  who  coincide  in  the  opinion  that  the  pigment  wn 
not  indigo,  but  a  distinct  organic  compound.  No  indigo,  or  indeed 
medicine  of  anv  sort  had  been  recently  taken  by  the  patieiiL 

Dulk'  has  ooserved  and  analyzed  black  urine  passed  hy  a  persoo 
suflering  from  derangement  of  the  liver  and  portal  system. 

[Dr.  v.  VelfHsn*  has  published  the  case  of  a  man  aged  S4  years,  with 
chronic  cystitis,  who  passed  very  fetid  urine  of  a  deep  violet  eokmr, 
aAer  the  use  of  lime-water  mixed  with  warm  milk.  After  the  omis- 
sion of  the  draught  for  a  few  days,  the  peculiar  colour  disappeared.] 

Urine  during  pregnancy,  at  the  period  qf  delivery^  and  after 

delivery. 

Since  Nauche's  announcement  (a  few  years  ago)  of  the  discovery 
of  a  peculiar  substance  to  which  he  gave  the  name  of  kystein,  in 
the  urine  of  pregnant  women,  the  renal  secretion  during  this  state 
has  been  carefully  examined  by  numerous  chemists. 

Nauchc  describes  ky stein  as  a  white  mass  that,  after  the  urine  has 
stood  for  some  time,  separates,  partly  rising  to  the  surface,  where  it 
forms  a  somewhat  tough  pilous  membrane  interspersed  with  glisten- 
ing crystals,  and  partly  sinks  to  the  bottom,  forming  a  creamy 
precipitate.  Nauche  regards  kystein  as  an  indubitable  sign  of  preg- 
nancy. It  is  also  considered  a  certain  test  by  Eguiser;  he  states  that 
it  appears  after  the  urine  has  stood  two  to  six  days,  depositing  itself 
as  a  white  opaque  body,  and  then  rising  to  the  surface  and  producing 
a  film  like  the  solid  fat  that  settles  on  cold  broth.  From  an  exten- 
sive series  of  observations,  Dr.  Kane  concludes  that  kystein  does  not 
appear  sooner  than  thirty  hours,  or  later  than  eight  days;  that  on  its 
first  appearance  it  forms  a  scarcely  perceptible  membrane,  which 
gradually  becomes  firmer  and  thicker,  and  after  a  time^  breaks  up, 

'  Archiv  der  PhamMcie,  vcL  18,  u,  159. 
a  Caaper't  Wocbenacfarift,  1844,  Na  18. 
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the  fragments  slaking  to  the  bottom;  that  a  kysfein-Iike  membrane 
may  also  appear  in  the  urine  of  persons  with  phthisis,  arthritis, 
metastatic  abscesses,  vesical  catarrh,  &c.,  but  that  it  differs  from  true 
kystein,  both  in  the  manner  of  its  formation  and  of  its  destruction; 
it  appears  later  than  the  true  kystein,  but,  having  once  appeared, 
develops  itself  more  rapidly  and  possesses  less  tenacity.  The  urine 
is  neutral  or  ammoniacal  on  the  appearance  of  the  kystein,  which, 
under  the  microscope,  appears  as  an  amorphous  matter  consisting  of 
minute  opaque  corpuscles,  intermingled  with  crystals  of  ammoniaco- 
magnesian  phosphate.  Dr.  Kane  convinced  himself  that  the  occur- 
rence of  kystein  was  independent  of  the  presence  of  albumen;  he 
likewise  ascertained  that  it  occurs  not  only  during  pregnancy  but 
also  during  the  period  of  lactation,  especially  when  the  secretion  of 
milk  is  at  all  checked.  He  concludes  with  the  observation  that 
''when  pregnancy  is  possible,  the  exhibition  of  a  clearly-defined 
kystein-pellicle  is  one  of  the  least  equivocal  proofs  of  that  condition, 
and  that  when,  in  a  case  of  suspected  pregnancy,  this  pellicle  is  not 
found,  if  the  female  be  healthy,  the  probabilities  are  as  twenty  to  one 
that  the  prognosis  is  incorrect"^  It  appears  from  a  review  of  Kane's 
cases,  that  the  kystein  most  commonly  appears  on  the  third  day;  in 
one  case,  however,  it  could  not  be  observed  till  the  eighth  day  after 
the  urine  had  been  passed;  and  in  some  cases  it  appeared  during  the 
first  twenty-four  hours. 

During  the  first  weeks  of  pregnancy,  Kane  only  rarely  observed  it ; 
it  was  most  commonly  noticed  during  the  seventh,  eighth,  and  ninth 
months,  and  up  to  the  period  of  delivery.  In  eighty-five  cases  of 
pregnancy  it  was  absent  eleven  times,  and  was  present  in  thirty-two 
out  of  ninety-four  cases  examined  during  lactation. 

I  have  examined  the  urine  during  the  second,  third,  fourth,  fifth, 
and  sixth  months  of  pregnancy,  but  have  not  invariably  detected  kys- 
tein. In  the  cases  in  which  it  was  formed,  as  in  the  second,  fifth,  and 
sixth  months  of  pregnancy,  the  urine  on  emission  was  clear,  yellow, 
faintly  acid,  and  not  affected  either  by  nitric  or  acetic  acid,  or  bv  heat. 
Usually,  in  about  twenty-four  hours,  the  whole  urine  became  slightly 
turbid,  the  acid  reaction  disappeared,  a  white  viscid  sediment  was 
deposited,  and  soon  afterwards  the  surface  of  the  fluid  became 
covered  with  a  pellicle  at  first  extremely  delicate,  but  after. from 
twelve  to  twenty-four  hours  becoming  tough,  thick,  opaque,  and 
with  a  glistening  appearance  in  consequence  of  the  light  reflected 
fronr  numerous  minute  crystals  of  ammoniaco-magnesian  phosphate 
with  which  it  was  studded.  On  examining  this  pellicle  in  its  early 
state  under  the  microscope,  it  appeared  (when  magnified  300  times} 
to  consist  of  an  amorphous  matter  composed  of  minute,  opaque  points, 
such  as  are  presented  by  sediments  of  phosphate  of  lime  or  urate  of 
ammonia,  except  that  in  the  latter  the  individual  particles  are  usually 
darker,  more  clearly  defined,  and  larger  than  in  kystein.  The  whole 
field  of  vision  was  likewise  bestrewed  with  numerous  vibriones  in 

>  American  Jomnil  of  Med.  Scienoe,  July,  1B42. 
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actirc  motion,  and  crystals  of  amnnoniaco-magnesian  phosphate. 
When  the  pellicle  became  thicker,  precisely  similar  phenomena  were 
observed,  but  the  vibriones  were  supplanted  by  a  considerable 
number  of  monads;  on  the  addition  of  acetic  acid  the  crystals 
disappeared,  while  the  amorphous  matter  remained  unaflfected.  On 
digesting  the  pellicle  in  acetic  acid,  and  adding  ferrocyanide  of 
potassium  to  the  filtered  solution,  a  comparatively  slight  turbidity 
ensued,  but  on  macerating  the  pellicle  in  a  dilute  solution  of  potash, 
acidulating  the  filtered  solution  with  acetic  acid,  heating,  and  adding 
ferrocyanide  of  potassium  after  a  second  filtration,  a  more  decided 
turbidity  was  observed.  From  these  experiments  I  concluded  that  a 
protein-compound  was  present.  The  white  sediment,  that  occurred 
after  the  urine  had  stood  for  some  days,  possessed  a  disagreeable, 
pungent,  caseous  odour:  under  the  microscope  it  presented  the  same 
appearance  as  the  pellicle.  After  repeated Fy  washing  a  portion  of 
the  sediment  with  water,  and  then  heating  it  with  alcohol  and  a  little 
sulphuric  acid,  it  developed  a  disagreeable  fruit-like  odour,  reminding 
me  of  butyric  ether.  [We  shall  presently  show  that  the  accuracy  of 
this  observation  has  been  thoroughly  established  by  Lehmann.]  It 
results  from  the  above  observations,  that  kystein  is  not  a  new  and 
distinct  substance,  but  a  protein-compound,  whose  formation  is 
undoubtedly  and  closely  connected  with  the  lacteal  secretion.  From 
the  observations  of  Kane  and  myself,  it  seems  to  follow  that  preg- 
nancy may  exist  without  the  occurrence  of  kystein  in  the  urine;  u, 
however,  there  is  a  probability  or  possibility  of  pregnancy,  and 
kystein  is  found  in  the  urine,  then  the  probability  is  reduced  almost 
to  a  certainty.  We  are  unable  to  draw  any  positive  inferences  re- 
specting the  stage  of  pregnancy  from  the  appearance  of  the  kystein. 

A  deposit  of  caseous  matter  and  earthy  phosphates  was  frequently 
observed  by  Golding  Bird  in  the  advanced  stages  of  pregnancy. 
The  sediment  is  probably  similar  to  Nauche's  kystein. 

Every  urine  left  to  itself  forms  a  pellicle,  more  or  less  resembling 
that  of  kj'stcin.  If  formed  soon  after  the  urine  is  discharged,  it 
consists  of  earthy  phosphates,  which,  from  the  urine  being  alkaline, 
are,  for  the  most  part  precipitated,  but  likewise  form  a  delicate  film 
on  the  surface.  When  this  is  the  case,  the  pellicle  is  very  thin  and 
readily  sinks  to  the  bottom.  Under  the  microscope  crystals  of  am- 
moniaco-magnesian  phosphate,  and  an  amorphous  matter  very  similar 
to  kystein,  but  consisting  of  phosphate  of  lime,  are  observed:  this 
likewise  differs  from  kystein  in  being  soluble  in  free  acids.  A  pel- 
licle of  fat  on  the  surface  of  urine  may  sometimes  be  mistaken  for 
kystein:  films  of  this  nature  are  very  thin  and  usually  iridescent, and 
the  microscope  reveals  the  presence  of  numerous  fat-globules. 

The  membrane  formed  on  the  surface  of  urine  six  or  eight  days 
after  emission,  usually  consists  of  a  species  of  mould;  under  the 
microscope  there  may  be  seen  innumerable  filaments  matted  toge- 
ther, and  interspersed  with  sporules. 

1  once  observed  a  pellicle  on  the  surface  of  a  man's  urine  three 
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days  after  emission,  which  both  in  chemical  and  microscopical  cha- 
racters presented  the  closest  analogy  to  kystein.^ 

[Lehmann'  frequently  examined  the  urine  of  a  pregnant  woman 
from  the  second  to  the  seventh  month.  It  was  of  a  dirty  yellow 
colour,  and  more  inclined  to  froth  than  usual;  it  generally  became 
turbid  in  from  two  to  six  hours;  but  the  morning  urine,  after  stand- 
ing for  thirty-six  or  forty-eight  hours,  was  always  covered  with  a 
grayish-white  film,  which  often,  in  two  or  three  days,  sank  and 
mixed  with  the  sediment  that  formed  when  the  turbidity  appeared,  but 
sometimes  was  a  longer  period  before  it  broke  up.  By  means  of 
ether  he  could  always  remove  from  this  film  a  considerable  quantity 
of  viscid  fat,  which  formed  a  soap  with  potash,  and  then,  on  the  ad- 
dition of  sulphuric  acid,  developed  a  well-marked  odour  of  butyric 
acid.  On  treating  a  large  quantity  of  this  urine  with  sulphuric  acid, 
and  distilling,  he  obtained,  after  treating  the  distillate  with  baryta 
water,  brilliant  crystals  of  butyrate  of  baryta.  The  substance  taken 
up  by  ether,  when  gently  evaporated  with  nitric  acid  and  exposed 
to  the  vapour  of  ammonia,  was  not  in  the  least  reddened;  with  con- 
centrated hydrochloric  acid,  on  the  other  hand,  it  assumed  a  blue 
tint;  dissolved  in  potash,  boiled,  and  treated  with  hydrochloric  acid, 
it  developed  sulphuretted  hydrogen;  it  dissolved  tolerably  freely  in 
acetic  acid,  from  which  it  was  precipitated  by  ferrocyanide  of  potas- 
sium. These  reactions  left  no  doubt  of  its  being  a  protein-compound. 
The  portion  of  the  film  insoluble  in  potash  consisted  chiefly  of  phos- 
phate of  magnesia,  [ammoniaco-magnesian  phosphate?]  with  a  little 
Shosphate  of  lime.  Hence  Lehmann  concludes  that  the  kystein  of 
fauche  is  not  a  new  and  distinct  substance,  but  a  mixture  of  buty- 
raceous  fat,  phosphate  of  magnesia,  and  a  protein-compound  very 
similar  to  casein.  He  likewise  mentions  that,  in  examining  the  urine 
of  a  woman  who  was  not  suckling,  and  was  kept  on  very  low  and 
sparing  diet,  on  the  third,  fourth,  sixth,  and  ninth  days  afler  de- 
livery, he  found  a  large  quantity  of  butyric  acid  taken  up  by  ether 
from  the  solid  residue;  andjon  dissolving  the  ethereal  extract  in 
water,  adding  sulphuric  acid,  and  distilling,  he  obtained  a  further 
quantity.  The  urine  in  this  case  was  always  rather  turbid,  of  a  dirty 
yellow  colour,  very  acid,  and  contained  a  very  small  amount  of  uric 
acid. 

Moller*  relates  two  cases  in  which  the  urine  of  women  who  were 
not  pregnant  was  covered  with  a  film  exactly  resembling  kystein;  in 
one  case  there  was  considerable  hypertrophy  of  the  uterus;  in  the 
other  no  affection  of  the  generative  organs  could  be  detected.  The 
film  of  kystein  consists,  according  to  his  observations,  of  fat,  earthy 
phosphates,  and  a  caseous  matter,  which  difiers,  however,  from  the 
casein  of  milk  in  being  held  in  solution  by  a  free  acid.     When  the 

'  [A  nmilar  appearance  has  been  observed  by  Prout  in  the  urine  of  a  delicate  child,  fed 
daeOj  on  milk.    (On  Stomach  and  Renal  Diaeaaes,  4th  edit  p.  555,  note.)] 
'  Lcbrbuch  der  pbysiologischen  Chemie,  vol.  I,  p.  25iL 
s  Cai^a  Wodiaoscbr.  Jan.  1M8;  1845. 
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urine  becomes  neutral  or  alkaline,  the  caseous  matter  ceases  to  be 
held  in  solution,  and  separates  as  kystein.  Every  thing  checking 
the  decomposition  of  the  urine  hinders  the  formation  of  the  pellide, 
and  if  the  recent  secretion  is  treated  with  a  free  acid  (mineral  or  or- 
ganic;) no  separation  of  kystein  takes  place  even  if  ammonia  be  add- 
ed to  saturation,  or  decomposition  allowed  to  proceed  to  any  extent 
In  a  case  of  decided  pregnancy,  no  kystein  was  formed  during  the 

Griod  of  a  severe  cold,  attended  with  a  copious  deposition  of  urates; 
t  when  the  urine  became  natural,  the  kystein  reappeared.     He 
twice  detected  cholesterin  in  kystein. 

Kleybolte^  has  examined  the  urine  in  ten  cases  of  pregnancy,  and 
invariably  found  kystein  on  the  fifth  day.  The  morning  secretion 
was  used,  and,  after  being  slightly  covered  to  protect  it  from  dost, 
was  allowed  to  stand,  at  an  ordinary  temperature,  for  ten  days.  The 
following  appearances  were  observ^  in  the  tenth  week  of  pregnancy: 
urine  peculiarly  yellow,  with  a  greenish  tint  2d  day,  mucous  se- 
diment; 3d  day,  no  change;  4th  day,  turbidity  ascending  from  the 
bottom;  5th  day,  white  points  and  leaflets  on  the  surface,  turbidity 
ascending  from  all  parts  of  the  bottom,  and  the  sediment  almost  gone; 
6th  day,  kystein  distinctly  observed  on  the  surface,  like  lumps  of  fat 
on  the  surface  of  cold  broth;  7th  day,  no  change.  From  the  8th  to 
the  10th  day,  the  kystein  disappears,  the  turbidity  again  descends, 
and  the  sediment  noticed  on  the  2d  day  is  reproduced.  The  nine 
remaining  cases  are  in  most  respects  similar  to  the  above. 

A  few  observations  on  kystein  have  been  recently  published  by 
Audouard,'  but  contain  nothing  of  importance,  except  that  in  six 
specimens  of  urine  passed  by  young  women  suffering  from  amenor- 
rhoea,  he  found  kystein  in  five.*] 

I  shall  now  give  a  short  abstract  of  Becquerel's  researches.  During 
pregnancy,  the  general  state  of  the  system  is  liable  to  great  variations, 
and  the  urine  presents  differences  of  corresponding  importance.  If 
^od  health  is  enjoyed  during  pregnancy,  the  urine  remains  normal; 
if,  however,  any  thing  should  happeola  excite  the  vascular  system,  it 
readily  changes,  becoming  dark-coloured,  acid,  sedimentary,  and  dimi- 
nished in  quantity.  During  the  latter  stages  of  pregnancy  the  urine 
often  assumes  the  anaemic  type,  that  is  to  say,  it  becomes  pale,  contains 
only  a  small  amount  of  solid  residue,  and  the  specific  gravity  does 
not  exceed  1011.  The  observations  which  were  communicated  by 
Donn6  in  a  letter  addressed  to  the  Academy  of  Sciences,  dated  May 
24, 1841,  in  reference  to  the  urine  in  pregnancy  containing  less  free 
acid,  and  less  of  the  phosphate  and  sulphate  of  lime  than  normal 
urine,  were  not  confirmed  by  Becquerel.  Neither  could  Becquerel 
observe  kystein. 

After  delivery,  mucus  tinged  with  blood,  is  mixed  with  the  urine; 
this  is  succeeded  by  the  discharge  which  is  known  as  the  lochia. 

1  Casper's  Wodienschrift,  April  26, 1845.  >  Jounal  <]e  Chemie  M^  May,  1645. 

tMany  other  communicationfl  have  reoently  been  publttbed  on  this  subject,  ^vfaidi  I  do  not 
deem  noGsssaiy  to  notice,  as  they  are,  for  the  most  part,  sunply  oonfirmatoiy  of  the  above  ob- 
■onrationSi 
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During  the  period  that  intervenes  between  delivery  and  the  com- 
mencement of  the  milk-fever,  the  urine  either  assumes  the  inflam- 
matory type,  and  is  scanty,  high-coloured,  acid,  and  dense,  as,  for 
instance,  in  those  cases  in  which  the  labour  has  been  very  difficult 
and  painful,  and  the  vascular  system  is  much  excited;  or  it  takes  on 
the  anaemic  form,  as  in  those  cases  in  which  the  labour  is  followed 
by  great  debility  and  prostration. 

Becquerel  gives  two  analyses :  one  was  made  with  the  urine  of  a 
woman  aged  33  years,  who,  the  previous  evening,  had  been  delivered 
of  a  dead  child ;  pulse  96,  strong;  urine  of  a  deep  red  colour,  acid,  and 
sedimentary ;  the  sediment  was  mixed  with  sanguineous  mucus,  and 
there  was  a  little  albumen  in  the  urine. 

The  second  analysis  was  made  with  the  urine  of  a  woman  aged 
22  years,  who  had  been  delivered  forty-eight  hours  previously  of  a 
seven  months  dead  child.  Pulse  92,  rather  weak;  urine  was  very 
red,  and  held  in  suspension  a  cloud  of  sanguineous  mucus  and  a  con- 
siderable quantity  of  albumen. 
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We  see  from  the  ratio  of  the  urea  and  also  of  the  uric  acid  to  the 
solid  residue,  that  the  urine  in  neither  of  these  cases  can  be  regarded 
as  inflammatory,  but  that  it  rather  approximates  to  the  anaemic  type. 
In  the  first  analysis  the  urea  amounts  to  only  31  §  and  the  uric  acid 
to  2*4 J  of  the  solid  residue;  in  the  second  analysis,  the  former 
amounts  to  27  J  and  the  latter  to  2^. 

In  most  of  the  cases  in  which  fiecquerel  examined  the  morning 
urine  of  women  who  had  recently  been  delivered,  he  found  it  anae- 
mic; the  specific  gravity  varied  from  1006  to  1014,  the  average  being 
1011. 

As  the  milk-fever  comes  on,  the  chemical  composition  of  the 
urine  appears  to  undergo  some  modification,  at  least  we  are  led  to 
infer  so  from  an  analysis  of  Becquerel.  It  was  secreted  in  dimi- 
nished quantity,  contained  a  larger  proportion  of  urea  and  uric  acid, 
was  darker,  and  deposited  a  sediment. 

He  examined  the  urine  of  a  woman  aged  22  years,  four  days  after 
delivery,  while  suflering  from  the  milk.fever.  It  was  of  a  safiron- 
yellow  colour,  deposited  a  sediment  on  the  addition  of  nitric  acid, 
and  also  spontaneously,  after  the  lapse  of  some  hours.  In  the  course 
of  twenty-four  hours  there  were  -15*5  ounces  excreted.  The  spe- 
cific gravity  was  1031*5. 
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Here  the  urea  amounts  to  36g,  and  the  uric  acid  to  no  less  than 
5}  of  the  solid  residue. 

On  the  passage  of  medicinal  and  other  substances  into  the  urine. 

[All  substances  incapable  of  assimilation  that  enter  the  circulation 
are  removed  by  the  kidneys,  either  in  the  state  in  which  they  en- 
tered the  organism,  or  in  a  modified  condition. 

Inorganic,  non-metallic  bodies.  Iodine  appears  rapidly  in  the 
urine  in  combination  with  ammonium,  (Lehmann,)  sodium,  and  po- 
tassium. Bromine  has  been  detected  by  Glover  and  Heller,  and 
chlorine  by  Orfila. 

Iodide  of  potassium,  the  alkaline  borates,  silicates,  chlorates,  and 
carbonates,  as  also  chloride  of  barium,  ferridcyanide  of  potassium,  and 
sulphocyanide  of  potassium,  were  found  by  Wohler^  in  the  urine; 
the  ferridcyanide  was,  however,  converted  into  ferrocyanide  in  the 
system. 

Sulphur  has  been  found  (after  administration)  in  th^  urine  by 
Wdhler  and  Orfila;  and  after  the  use  of  liver  of  sulphur,  free  sulphur, 
and  an  excess  of  sulphate  of  potash  were  found  in  the  urine.  In  four 
experiments  made  by  Laveran  and  Millon,  sulphur  neither  appeared 
in  the  urine,  nor  was  the  quantity  of  sulphates  increased. 

Metallic  substances.  Arsenic  and  antimony  may  be  readily  de- 
tected in  the  urine,  and  have  been^served  by  many  chemists.  The 
detection  of  mercury  is  by  no  means  easy;  it  has  been  sought  for  in 
vain  by  Lehmann,  L'Heretier,  and  Rees,  but  has  been  found  by 
Buchner,  Cantu,  Jourda,  Venables,  Orfila,  (Estcrlen,*  and  Audouard.^ 
Iron  is  almost  always  present  in  the  urine  during  its  administration  as 
a  remedy.  Nickel  was  found  by  Wohler  in  the  urine  of  a  dog  to  whom 
he  had  given  half  a  drachm  of  tartrate  of  nickel  and  potash.  Gold,  sil- 
ver, tin,  lead,  and  bismuth,  were  found  in  the  urine  of  dogs  to  whom 
Orfila  had  given  large  doses  of  the  soluble  salts  of  those  metals. 
Copper  and  manganese  have  been  detected  in  the  urine  by  Kramer.^ 

Inorganic  acids.  Orfila  has  detected  nitric,  hydrochloric,  and 
sulphuric  acids  in  the  urine.  As  nitric  acid  is  not  a  constituent  of 
normal  urine,  there  was  no  ambiguity  in  this  experiment  In  dogs 
poisoned  with  dilute  hydrochloric  or  sulphuric  acid,  about  six 
times  as  much  chloride  of  silver  and  sulphate  of  baryta  were  obtained 
as  are  found  in  ordinary  urine.     In  none  of  these  cases  was  the  urine 

>  TiedananD*8  Zeitschr.  fur  PhyaioL  vol  1,  p.  305.  >  L'Exp^rienoe,  Aug.  1844. 

*  Journal  dc  Chim.  M^  9,  p.  137.  *  Gioniale  deir  loBtituto  Lombarda 


UBINE.  551 

more  acid  than  usual,  the  acids  having  formed  neutral  salts  by  com- 
bining with  the  alkalies  of  the  blood. 

Organic  acids  and  their  salts.  It  appears  from  the  investiga- 
tions of  Wdhler,  that  many  of  the  organic  acids,  administered  in  a 
free  state,  enter  the  urine  in  a  state  of  combination;  as,  for  instance, 
oxalic,  citric,  malic,  tartaric,  succinic,  and  gallic  acids. 

To  the  above  list  Orfila  has  added  acetic  acid,  and  confirmed 
Wdhler^s  statement  regarding  oxalic  acid. 

According  to  Pereira^  meconic  acid  may  be  occasionally  detected 
in  the  urine  of  animals  poisoned  with  opium. 

One  of  the  most  important  of  W5hler's  discoveries  is,  that  the 
neutral  vegetable  salts  become  modified  in  their  passage  through  the 
system,  and  are  found  in  the  urine  as  carbonates.  A  few  hours  after 
the  use  of  these  salts,  the  urine  becomes  alkaline,  is  frequently  turbid 
from  the  deposition  of  phosphates,  and  effervesces  briskly  on  the 
addition  of  an  acid.'  If  the  dose  is  very  large,  oxalate  of  lime  may 
frequently  be  detected.  Similar  results  follow  from  the  use  of  alka- 
line lactates;  Lehmann  found,  that  two  hours  after  taking  two  drachms 
of  lactate  of  soda,  alkaline  urine  was  excreted.  That  this  change  is 
effected  after  the  salt  has  entered  the  blood,  and  not  in  the  intestinal 
canal,  is  proved  by  an  experiment  performed  1)y  Mr.  J.  Goodsir,  at 
my  request.  A  drachm  of  acetate  of  potash  was  dissolved  in  an 
ounce  and  a  half  of  water,  and  injected  into  the  femoral  vein  of  a 
dog,  whose  urine  had  been  previously  ascertained  to  be  acid.  The 
unne  passed  about  an  hour  after  the  operation  was  alkaline.  A 
similar  experiment  has  been  since  made  by  Lehmann,  who  injected 
a  drachm  of  lactate  of  potash  into  the  jugular  vein  of  a  dog,  and  found 
the  urine  alkaline  an  hour  afterwards.  The  process  is  one  of  simple 
combustion:  each  atom  of  acetic  acid  (of  the  acetate  of  soda)  combines 
with  eight  of  oxygen,  and  yields  four  atoms  of  carbonic  acid  and 
three  of  water,  or  C^  H^  O3  +  8  0  =  4  CO^  +  3  HO,  and  each  atom 
of  lactic  acid  combines  with  twelve  of  oxygen,  forming  six  of  carbonic' 
acid  and  four  of  water,  or  C^  H,  0,  +  12  O  =  6  CO,  +  5  HO. 

In  a  series  of  268  experiments  instituted  by  Millon  and  Laveran, 
with  the  tartrate  of  potash  and  soda,  fSodae  potassio-tartras.  Ph.  L.) 
they  found  the  urine  more  or  Icfss  alkaline  in  175,  acid  in  87,  and 
neutral  in  6  cases.  This  apparent  discrepancy  was  doubtless  depen- 
dent on  the  degree  of  concentration  of  the  saline  solution.  (See  page 
406.^ 

We  have  already  mentioned  that  benzoic  and  cinnamic  acids  are 
converted  in  the  organism  into  hippuric  acid,  and  then  excreted  by 
the  kidneys. 

Vegetable  bases.  Quinine,  when  administered  in  large  doses,  has 
been  noticed  in  the  urine  by  Piorry,  Landerer,  and  others.  The 
best  test  for  its  presence  is  the  iodated  iodide  of  potassium,  consisting 

>  Elemeotf  of  Mafeeria  Medica,  1st  ed.  vol  2,p.  1299. 

2  Some  excellent  obaervatioM  on  the  physiological  action  of  these  salts  wiU  be  found  in  Dr. 
Peieiim*i  Treatin  00  Food  and  Diet,  p.  2J. 
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of  four  parts  of  iodide  of  potassiumy  one  of  iodine,  and  ten  of  water. 
The  precipitate  afforded  oy  this  reagent  with  disulphate  of  quinine 
is  very  insoluble  in  water,  not  affected  by  an  excess  of  the  test^  and 
readily  soluble  in  alcohol.  It  is  of  a  yellowish-brown  colour,  and 
forms  a  turbidity  or  sediment,  according  to  the  amount  of  the  alkaloid 
in  the  urine.  When  the  quantity  is  very  small  there  is  merely  an 
olive  tint  produced  on  the  addition  of  the  test  The  disulphate  of 
quinine  may  be  reobtained  from  the  sediment  in  a  state  of  purity  by 
a  simple  chemical  process.^ 

Morphia  is  stated  to  have  been  once  detected  by  Barruel  in  the 
urine  of  a  person  under  the  influence  of  a  poisonous  dose  of  laudanum, 
and  it  was  likewise  discovered  by  Orfila,  in  the  urine  of  doga.  None 
of  the  other  alkaloids  have  yet  been  detected  in  the  urine. 

Indifferent  organic  substances.  According  to  Wdhler,  most 
colouring  matters  and  many  odorous  principles  passed  unchanged  or 
slightly  modified  into  the  urine.  In  the  former  class  we  may  place 
indigo,  gamboge,  rhubarb,  red  beet-root,  madder,  logwood,  mulber- 
ries, black  cherries,  &c.;  in  the  latter,  valerian,  asafcetida,  garlic,  cas- 
toreum,  saffron,  turpentine,  &c 

Alcohol  is  placed  by  Wohler  amongst  the  substances  that  do  not 
enter  the  urine,  and  Liebig  has  recently  affirmed  tliat  it  has  never 
been  found  in  that  secretion.  It  has,  however,  been  detected  by 
Percy  in  the  urine  of  a  dog,  into  whose  stomach  four  ounces  of  spirit 
of  *85  had  been  injected,  and  in  the  urine  of  a  man  in  a  state  of  in- 
toxication who  had  taken  about  a  bottle  of  whiskey.  In  both  cases 
he  obtained,  by  careful  distillation^  an  inflammable  fluid  that  dis- 
solved camphor.* 

In  order  to  ascertain  whether  alcohol',  taken  in  moderate  quantity, 
would  enter  the  urine,  my  friend  Dr.  Wright  instituted  the  follow- 
ing experiment  on  a  man  whose  ureters  opened  externally.  Three 
^  ounces  of  whiskey  were  administered,  and  the  urine  collected  by  ap- 
plying a  test-tube  to  each  ureter.  The  tubes  were  corked  and  re- 
placed every  two  minutes,  for  the  space  of  half  an  hour. 


The  following  table  repi 

-esents  the  amount  of  fluid  in  the  tubes. 

IsttwominuteB 

^  a  drafjim. 

2d 

Sdracfama. 

3d'      " 

Sdradmifl. 

4th       " 

1  drachm. 

5th»      " 

6drachin& 

6th»      " 

2  drachms. 

7th 

i  a  drachm. 

8th       *• 

jt  a  drachm. 
Sdrachms. 

9th       '• 

10th»      " 

GdrachmSi 

11th       » 

4  drachms. 

12th       " 

8  drachms. 

13th»      " 

7drachm& 

14th'      " 

6  drachms. 

15th»      '» 

4  drachm& 

The  contents  of  the  tube 

IS  wen 

s  anab 

• 

yzed  s 

eparately,  according  to 

*  Journal  de  Phamiade,  Sept.  1843.    s  On  the  presence  of  Alcohol  in  the  Brain,  1839,  pi  104. 
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Dr.  Percy's  method,^  and  in  those  marked  with  an  asterisk  the  pre- 
sence of  spirit  was  distinctly  recognised. 

In  another  experiment  upon  the  same  individual,  in  which  two 
ounces  of  whiskey  diluted  with  three  times  its  volume  of  water  were 
administered,  no  trace  of  the  spirit  could  be  obtained.' 

Lehmann  has  sought  in  vain  for  salicin,  phloridzin,  cafifein,  theobro- 
mine asparagin,  and  amygdalin. 

As  the  modifications  that  these  substances  undergo  in  the  organism 
are  of  extreme  interest,  let  us  see  what  are  the  most  probable  changes 
that  can  take  place.  We  select  salicin,  by  way  of  illustration,  as  a 
substance  whose  chemistry  is  pretty  well  established. 

Is  salicin  converted  in  the  organism  into  sugar  and  saliretin?^ — a 
change  that  occurs  on  digesting  salicin  in  dilute  acids:  or  is  it  con- 
verted into  salicylous  acid  and  water?^ — as  occurs  on  treating  salicin 
with  bichromate  of  potash  and  sulphuric  acid.  Or,  instead  of  salicy- 
lous acid,  is  hydrated  benzoic  acid  (which  is  isomeric  with  it)  pro- 
duced,' and  the  benzoic  acid  then  converted  in  the  ordinary  manner 
into  hippuric  acid?  Or  does  the  salicin  yield  salicylous  acid  which 
appears  to  be  isomorphous  with,  and  convertible  into  oxide  of  omich- 
myle?^  Or,  finally,  does  the  salicin  undergo  the  same  changes  as 
when  oxidized  by  fusion  with  caustic  potash,  and  become  converted 
into  salicylic,  oxalic,  and  carbonic  acids,  and  water ?^    In  sixteen  ex- 

Eeriments  made  by  Lehmann  with  salicin  in  doses  of  20  or  30  grains, 
e  never  detected  saliretin,  but  always  salicylous  acid,  which  was 
taken  up  by  ether  with  the  oxide  of  omichmyle,  and  yielded  the 
characteristic  violet  tint  on  the  addition  of  nitrate  of  iron;  in  most  of 
the  experiments  there  was  also  a  small  quantity  of  hippuric  acid, 
and  of  oxalate  of  lime.  Similar  experiments  have  been  made  by 
Laveran  and  Millon. 

After  taking  phloridzin,  Lehmann  also  found  hippuric  acid  and 
oxalate  of  lime  in  the  urine.     After  taking  a  scruple  of  thein  at  bed- 

*  Op.  cit  p.  a 

^  Tnese  experiments  were  originally  recorded  in  my  Harveian  Prize  EsBay  on  the  Cbemistiy 

the  Urine  m  Health  and  Diaea«;  1842. 

s  This  change  is  illustrated  by  the  equation — 

Salicin.  Sucar.  Saliretin. 

c  H,.o..  =  c..ri..o..+  c..H  o. 

Salicin.  Oxygen.       Balky  lout  acid.    Watinr. 

SymboBcaUy-C,,  H„  O^   +   6  —  3C..  H,  O,   +  IIHO. 

BalieylotM  acid .       Hydrated  benzoic  acid. 
»  Symbolically— C    H,  O,  =  HO,  C,^  H,  O,. 

*  It  appears  mim  the  researches  of  Scharlmg  that  the  oxide  of  omichmvle  belongs  to  a  series 

having  a  compound  radical  analogous  to  that  of  oil  of  spinea,  or  salicylous  add ;  at  least  he 
found  that  chloromichmyle  is  isomeric  with  chloride  of  salicyl  or  chlorosalicyUc  acid,  C^^  H^ 
0«,  CL  Oxide  of  omichmyle  does  not  produce  a  violet  colour  with  nitrate  of  iron  in  the  same 
manner  as  salicylous  and  salicylic  acids;  moreoter,  salinrlous  acid  and  salicin  do  not  enter  the 
urine  as  oxide  of  omichmyle,  but  as  salicylous  acid,  as  has  been  found  by  Lehmann  in  eig^t 
experiments.  Schariing  hints  at  the  existence  of  a  widely-difiused  radical,  which,  in  the  ve- 
getable kingdom,  in  warm  climates,  is  the  starting  point  of  the  benzoyl  and  dnnamyl  series;  in 
cold  climates,  of  the  salicyl  compounds;  and,  in  the  anbnal  kingdom,  presents  itself  as  omichmyk. 
.  7  These  dianges  may  be  thus  explained  symbolically: 

Salicin.       Oxygen.  Sd' icy  lie  acid.    Oxalic  acid.    Carbonic  acid.    Water. 
C«H„0^f  2UO=2C\.H,0.  +  GC,  O,  +  2C0,  +   17HO, 
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time,  no  trace  of  it  could  be  fouad  in  the  morning  urine,  but  the  urea 
was  considerably  increased,  amounting  to  58.195g  of  die  solid  rem- 
due.^  He  did  not  remark  any  unpleasant  symptoms,  but  two  of  his 
pupils,  after  a  similar  dose  (obtained  from  cofiee)  experioQced  great 
excitement  of  the  nervous  and  vascular  systems  generally,  and  espe- 
cially of  the  generative  organs.  This  is  perfectly  in  unison  with 
Mulder's'  statement,  that  it  produced  abortion  in  pregnant  rabbits.] 

Urine  qf  Jlnimals. 

The  chemistry  of  the  urine  of  animals  is  still  in  a  very  deficient 
state.     I  shall  here  give  the  little  that  is  known  on  the  subject 

The  urine  of  carnivorous  animals  is,  at  the  period  of  its  discharge, 
acid,  but  speedily  becomes  alkaline,  in  consequence  of  the  formation 
of  ammonia.  This  observation  of  Hieronymi's  is  confirmed  by 
Htlnefeld,  who  found  that  the  urine  of  the  bear  retained  its  acid  re- 
action for  a  considerable  period.  Vauquelin  found  a  large  propor- 
tion of  urea,  but  no  uric  acid  in  the  urine  of  beasts  of  prey.  Hune- 
feld  also  missed  the  uric  acid,  but  it  was  detected  by  Hieronymi. 
Hieronymi  carefully  analyzed  the  urine  of  the  lion,  the  tiger,  and 
the  leopard,  and  its  composition  appeared  much  the  same  in  these 
three  animals.  The  specific  gravity  of  the  urine  of  each  animal 
varied  between  1059  and  1076.  It  was  clear,  of  a  bright  yellow 
colour,  had  a  pungent  disagreeable  odour,  an  acid  reaction,  and  a 
nauseous  bitter  taste;  after  standing  for  a  short  time,  it  became  alka- 
line. On  collecting  and  evaporating  the  urine,  there  was  a  coagula- 
tion of  some  white  flocculent  matter;  and  as  the  concentration  in- 
creased, the  greater  part  of  the  urea  began  to  separate  in  a  crystalline 
form.  The  mixed  urine  of  these  three  animals  gave  the  following 
result: 

Water 84&00 

Solid  constituents          .....  154-00 

Urea,  alcohol-cxtnicty  and  free  lactic  add         -           -  132^ 

Uric  add (hSS 

Vesical  mucus           .....  6*10 

Sulphate  of  potash     .....  1<22 

Chloride  of  ammonium,  and  a  little  diloride  of  sodium  1*16 

£arthy  phosphates     .....  1*76 

Phosphates  of  soda  and  potash           ...  8K12 

Pho^ihate  of  ammonia          ....  1*02 

Lactate  of  potash       .....  3*30 

The  urine  of  herbivorous  animals  likewise  contains  a  large  quantity 
of  urea,  but  no  uric  acid,'  there  being  in  its  place  hippuric  acid.  The 
urine  of  the  horse  was  analyzed  by  Fourcroy  and  Vauquelin :  they 
describe  it  as  of  a  yellow  colour,  often  turbid,  of  an  unpleasant  smell, 
and  a  saltish  bitter  taste.  When  allowed  to  rest,  a  quantity  of  the 
carbonates  of  lime  and  magnesia  was  deposited;  it  had  an  alkaline 

*  Lehihudi  der  physiolog.  Chemie,  ^  1,  pu  97. 
2  Natuur  en  Scheikundig  Archief,  1839,  p.  458. 

f  [Traces  of  uric  add  have  been  occasionally  detected  by  Fownes  and  other  cfafmistis  in  the 
Wine  of  the  graminivonu    See  p.  54.J 
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reaction,  frothed  on  the  addition  of  an  acid,  and  had  a  specific  gra- 
vity of  from  1030  to  1050.     1000  parts  contained: 


Water 

-        9400 

BcM  ooDfltituents 

600 

Uiea 

7-0 

Hropnrate  of  soda     • 
Chloride  of  potaaaium 

24'0(!!) 
OO 

Caibonate  ofaoda     - 

OO 

Carbonate  of  lime 

110 

This  analysis  probably  requires  further  confirmation.  I  found  a 
large  amount  of  urea  in  the  urine  of  a  horse  sufiering  from  ozaena ; 
for  from  1000  parts  I  obtained  50  of  urea;  and  afler  the  horse  had 
fasted  for  four  days,  I  still  found  24-1.  In  the  urine  of  another 
horse,  the  solid  constituents  amounted  to  10-7§  of  the  urine,  and  the 
urea  to  5*06 g,  or  about  one  half  of  the  solid  residue. 

From  my  own  observations,  I  should  say  that  the  urine  of  horses 
is  generally  of  a  straw  colour,  is  at  first  acid,  but  soon  becomes  ammo- 
niacal,  and  then  emits  the  peculiar  penetrating  odour  which  is  doubt- 
less caused  by  the  formation  of  a  volatile  fatty  acid,  although  I  was 
unable  to  isolate  it  The  urine,  after  it  has  become  alkaline,  is  often 
so  tenacious  and  viscid  that  it  can  be  drawn  up  in  long  threads. 
The  microscopic  examination  of  the  urine  of  the  horse  exhibits  a 
great  number  of  rounded  corpuscles,  from  the  size  of  mucus-corpus- 
cles to  four  times  that  size,  which  burst  upon  pressure  of  the  glass 
dips  between  which  the  fluid  is  examined.  Fourcroy  and  Vauquelin, 
after  evaporating  the  urine  of  the  horse,  separating  the  urea  as  a  ni- 
trate, and  neutralizing  the  acid  by  an  alkali,  found  a  small  quantity 
of  reddish  fat,  which  volatilizes  over  the  water-bath,  and  is  consi- 
dered to  be  the  cause  of  the  smell  and  colour  of  the  urine. 

[The  urine  of  the  horse  has  been  recently  analyzed  by  Von  Bibra^ 
and  Boussingault 

In  two  analyses  of  the  urine  of  the  same  horse,  made  at  difierent 
periods.  Von  Bibra  found : 


1. 

9. 

Water 

885K)9 

912-84 

Solid  constituents     - 

114-91 

87-16 

Urea 

12-44 

8-36 

Hippuncacid 

1260 

1-23 

Water-extract 

21-32 

19-S^ 

AIcobol-extrBct 

25-50 

18*26 

Mocfu 

O05 

0-06 

Salts  sotnble  in  water 

23-40) 
18«)5 

4O00 

Salts  insoluble  in  water 

On  two  occasions  the  individual  salts  were  determined,  and  it  was 
found  that  in  100  parts  of  the  saline  residue  there  were: 

1.  9. 

Carbonate  of  lime     ...        12-50  31-00 

Carbonate  of  magnesia          -           •         9-46  13*07 

Carbonate  of  potash  -            -           -        46-09  >  a(\.*\o 
Caibonate  of  soda     -           -           -        10-33  5 

>  Annalen  der  Chemie  und  Pharmacie,  1845,  Na  I. 
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SnUMileorpolMh    •                              1304  908 

ChCiidB  of  ■o&m               •                    &94  MO 

1-095  ^^* 


Traces  of  iron  were  always  observed,  but  he  could  never  ascertain 
the  presence  of  fluorine.  The  mean  specific  gravity  resulting  from 
numerous  observations  was  1045.  The  horses^  in  these  cases,  were 
used  for  agricultural  purposes,  and  fed  on  hay  and  oats.  The  pre- 
vailing opinion  that,  by  excessive  work,  the  hippuric  is  replaced  by 
benzoic  acid,  is  stated  by  Von  Bibra  to  be  incorrect  Benzoic  acid 
was  scarcely  ever  observed,  and,  when  present,  was  only  recognisa- 
ble under  the  microscope.  The  hippuric  acid  varied  in  diflerent 
analyses  from  15  to  5,  or  even  less  in  1000  parts  of  urine.  The  se> 
cretion  was  always  alkaline,  and  in  a  few  minutes  deposited  a  sedi- 
ment, consisting  (as  seen  under  the  microscope)  of  compact  vesicles. 
The  deposit  consisted  of  the  carbonates  of  lime  and  magnesia,  with 
an  organic  compound  that  could  not  be  removed  by  the  most  careful 
washing.     In  three  analyses  there  were  found: 

CttbomteofUme  80O  87*9  87-5 

Ciboortp  of  iMgnwii     •       19-1  TO  M 

Oigttiic  matter  •         7-0  &3  4-3 

10(H)         iooo  lOOO 

Boussingault^  has  likewise  analyzed  the  urine  of  a  horse  feeding 
on  trefoil  and  vetches.  It  was  very  alkaline,  had  a  specific  gravity 
of  1037*3,  and  contained  in  1000  parts 

91076 

31-00 

4-74 

11-26 

&61 

1&50 

1008 

4-16 

M8 

074 

lOl 

■bieiit 

As  several  chemists  have  noticed,  amongst  the  constituents  of  the 
urine  of  the  herbivora,  a  red  oil  on  which  the  colour  and  odour  of 
the  secretion  are  dependent,  Boussingault  endeavoured  to  isolate  it 
He  distilled  upwards  of  26  gallons  at  ^  single  experiment,  but  did 
not  obtain  a  trace  of  the  oil,  a  colourless  fluid  passing  over  which 
evolved  the  peculiar  odour  of  horses'  urine:  hence  he  concluded  that 
the  odorous  principle  is  a  volatile  acid.  The  only  means  by  which 
any  thing  like  a  red  oil  can  be  obtained  consists  in  carrying  on  the 
distillation  to  dryness,  in  which  case  an  oily  substance  is  obtained, 
analogous  to,  if  not  identical  with  some  of  the  products  of  decompo- 
sition of  the  alkaline  hippurates.] 

Horses  are  not  unfrequently  subject  to  a  disease  which  corresponds 

1  AnnaL  de  ChiiiM  et  de  Phjaqoe^  Seplembn^  1645. 


Water  and 
Urea       - 
Hipptirato  of  potaA 
Lactate  of  poteih 
Lactate  of  aoda    - 
Bicaibonate  of  potaih 
Carbonate  of  Ihne 
Cafbonate  ofmagneaa    - 
Sulphate  of  potuh 
Chloride  of  sodium 
Silica      .  .  . 

Phoiphaiea 
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with  diabetes  insipidus,  or  hyperdiuresis,  in  man:  it  has  also  been 
observed  in  sheep  and  cattle. 

The  following  analysis  of  the  urine  of  cattle  was  made  by  Spren- 
gel:  1000  parts  contained: 


Water 

.      99&94 

Solid  oQOfldtnente    • 

73^6 

Vim, 

4(H)0 

Albumen 

OlO 

Mucus    - 

1-90 

BeiDoicadd 

0^ 

liBCticactd 

&16 

Caibonicadd 

S^50 

Potarii 

&6A 

Soda 

&54 

Silica      - 

0-36 

Ahmuna 

004 

Oxide  of  manganeBe 

0K)1 

Lime 

0^ 

Magnena 

0-36 

CUorine 

2-79 

Sulphuric  add    • 

4*05 

Phoapborus 

0-70 

sis  requires  further  c 

(onfirn 

[lation 

The  urine  of  cattle,  just  after  it  is  passed,  is  clear  and  acid;  it  soon, 
however^  deposits  crystals  of  the  carbonates  of  lime  and  magnesia. 
It  contains  hippurate  of  soda^  and  a  larger  proportion  of  urea  than  is 
found  in  human  urine. 

[The  urine  of  oxen  employed  for  agricultural  purposes  was  ana- 
lyzed by  Von  Bibra.  The  specific  gravity  varied  from  1040  to  1032. 
The  urine  was  of  a  dark  yellow  colour,  perfectly  clear,  and  of  a  pe- 
culiar odour. 

The  following  analyses  were  made  with  the  urine  of  the  same  ani- 
mal at  different  times: 


1. 

9. 

Water 

91201 

923*11 

Solid  conatitoento 

87-99 

76-89 

Una 

19-70 

10-21 

Hippuncadd 

&65 

1200 

Mucus 

OHW 

.  0O6 

Akxibol-extiBCt 

14<91 

l(h20 

Water-extiact 

22-48 

16-43 

Soluble  nlt^ 

24-42 

26-77 

Inaokuble  aalte 

1-SO 

2^ 

The  saline  residue  contained: 

Caibonate  of  lime 

1-07 

Carbonate  of  magneaia    > 

603 

Caibonate  of  potuh 

77-28 

Suhhate  of  poCaih 
Chionde  of  sodium 

13-30 
0-30 

Saica      . 

0-35 

Tiaoea  of  iron,  and  loai 

077 

lOOOO 


Although  these  salts  are  liable  to  considerable  quantitative  varia- 
tions^ (for  instance,  Von  Bibra,  in  two  analyses,  found  14*22  and  16§ 
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of  chloride  of  sodium^)  yet,  as  a  general  rule,  the  urine  of  oxen  con- 
tains more  alkaline  and  less  earthy  carbonates  than  the  urine  of  horaea. 

The  urea  and  hippuric  acid  varied  extremely  in  different  analyses. 
The  food  of  the  oxen  consisted  of  fresh  clover  and  a  little  hay. 

Boussingault  found  that  the  urine  of  a  cow  feeding  on  aftermath 
and  potatoes,  effervesced  briskly  on  the  addition  of  an  acid,  and  de- 
posited numeroQs  crystals  of  hippuric  acid.  Its  specific  gravity  was 
1040,  and  it  contained  in  1000  parts: 

Water  and  indetenninatB  mtttera             •  921 -39 

Urea 18*48 

H^TBte  ofpotaih         -           -           •  16-51 

Lactate  of  potaiBh             ...  17-I6 

Bicarbonate  of  potaah       ...  ]6*13 

Carbonate  of  magneiia    ...  4*74 

Carbonate  of  lime            ...  0*S5 

Sulphate  of  potaah           ...  ^rGO 

ChkHide  of  sodium           ...  1*52 

Silica      .....  traoea 

Phoi|ihoric  add              ...  abaent  ] 

Vogcl  found  the  urine  of  the  rhinoceros  turbid,  and  having  an 
odour  like  that  of  crushed  ants.  It  grew  darker  after  exposure  to 
the  air,  and  became  covered  with  a  film  of  carbonate  of  lime;  it  ef- 
fervesced on  the  addition  of  acids.  As  it  cleared,  it  deposited  a  yel- 
low sediment  composed  of  earthy  phosphates  with  a  little  peroxide 
of  iron  and  silica,  which  amounted  to  i'7^  of  the  weight  of  the  urine. 
It  then  remained  of  a  dark  yellow  colour,  and  formed,  on  evapora- 
tion, a  new  sediment  of  carbonates  of  lime  and  magnesia,  which  were 
previously  held  in  solution  as  bicarbonates.  On  evaporating  the 
urine  to  two  thirds  of  its  volume,  and  then  treating  it  with  hydro- 
chloric acid,  a  precipitation  of  hippuric  acid  took  place,  amounting 
to  0-4 5  J  of  the  weight  of  the  urine.  The  urine  also  contained  urea 
and  the  ordinary  salts. 

Vogel  found  the  urine  of  the  elephant  turbid  from  the  presence  of 
carbonates  of  lime  and  magnesia  in  suspension;  it  contained  a  larger 
amount  of  urea  than  the  urine  of  the  rhinoceros,  but,  on  the  other 
hand,  was  devoid  of  hippuric  acid.  Brandes,  however,  detected  the 
latter  constituent,  partly  combined  with  an  alkali  and  partly  with  urea. 

In  the  urine  of  the  camel,  Chevreul  found  a  large  quantity  of  urea, 
but  no  uric  acid;  it  contained,  however,  chloride  of  sodium,  hippurate 
of  soda,  carbonate  of  soda,  sulphate  of  potash  together  with  a  little 
sulphate  of  soda,  carbonate  of  ammonia,  and  a  trace  of  peroxide  of 
iron :  no  phosphates  were  found  in  it  On  mixing  it  with  sulphuric, 
nitric,  or  hydrochloric  acid,  the  urine  became  red, — a  property  due 
to  its  containing  a  volatile  oil,  to  which,  moreover,  it  owes  its  odour. 

The  urine  of  the  pig  has  been  analyzed  by  Lassaigne.  He  de- 
scribes it  as  being  of  a  pale  yellow  colour,  clear  and  transparent, 
and  containing  urea,  sulphates  of  potash  and  soda,  chlorides  of  potas- 
sium, sodium,  and  ammonium,  and  traces  of  carbonate  and  sulphate 
of  lime.     Van  Setten*  has  communicated  a  special  analysis  of  the 
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urine  of  a  pig.    It  was  yellow,  almost  inodorous,  and  had  a  specific 
gravity  of  1003. 

There  were  contained  in  1000  parts: 


Trailer 

Solid  OQDfltituents 

9W2 

Urea 

0-750 

Uric  acid 

0-195 

Water-extract 

1-708 

Alcohol-extract     • 

M05 

Resinoiis  matter    - 

(H35 

Albamen  and  mucos 

0-721 

Lacticadd 

(H90 

Stearin 

0-092 

Sugar 

0-375 

Fhosphate  of  soda ' 

1-376 

Sulpbate  of  potasli,  chlorides  of  floditxm&potaarium  2K)75 
Sulphates  of  lime  and  magnesia    -  -  0*425 

Sulphate  of  ammonia        ...  0-196 

Chloride  of  ammonium      ...  0*010 

[The  urine  taken  from  the  bladders  of  pigs  immediately  after  they 
were  killed  is  described  by  Von  Bibra  as  clear,  nearly  devoid  of 
odour,  alkaline,  and  having  a  specific  gravity  of  1012  to  1010.  In 
two  cases  in  which  he  analyzed  it  he  found  in  1000  parts: 


1. 

9. 

Wntfw 

961*96 

981^7 

Solvl  constitiients 

18-04  « 

17-43 

Urea 

273 

ft97 

Aloohokextrwt 

3-87 

3-99 

Water-extract 

1*42 

1-12 

Mucus 

0K)5 

0O7 

Soluble  salts 

9-09 

Q<A 

Insoluble  salts 

0*88 

0-80 

The  salts  in  the  first  of  these  analyses  consisted  of: 

Chloride  of  sodium  and  a  little  chloride  of  potassium  53-1 

Sulphate  of  soda        ....  7«o 

Canxmate  of  potash   ....  12-1 

Fhosphate  of  soda      ....  19*0 
Fhoi^)hate8  of  lime  and  magneaia,  with  traces  of 

flibca  and  iron        ....  8-8 

lOOK) 

In  both  the  above  analyses  he  searched  in  vain  for  hippuric  or 
benzoic  acid  in  three  ounces  of  the  fluid. 

In  two  other  analyses  he  obtained  microscopic  crystals  of  hippuric 
acid  on  the  evaporation  of  the  ethereal  solution.  He  never  detected 
even  a  trace  of  uric  acid,  which,  considering  the  mixed  nature  of  the 
food  of  tliese  animals,  is  extraordinary. 

Boussingault  analyzed  the  urine  of  at  pig  feeding  on  potatoes  and 
water  slightly  impregnated  with  salt  The  urine  was  alkaline,  very 
limpid,  and  of  an  extremely  pale  yellow  colour.  Its  specific  gravity 
was  1013-6. 

It  contained  in  1000  parts: 

Water  and  indetenninate  oiganic  matter  979.14 

Urea         .....  4*90 

Bicarbonate  of  potash         ...  10*74 

Carbonate  of  roagneeia       ...  0*37 
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CAibooateofUme 
Sulphate  of  potaih 
Phoij^hale  of  potaih 
Chlonde  of  sodium 
Alkiline  lactates 
Hippuric  acid* 
Silica 


1-98 
1-02 
1^ 


th07 


11H)3 

l&Ol 

3-78 

0-76 

1-25 

0^8 

4-54 

4-06 

1-00 

0-56 

(H)6 

0O5 

&50 

8-70 

0-80 

0-40 

The  urine  of  the  eoat  has  been  analyzed  by  Von  Bibnu  The 
animals  from  whom  the  fluid  was  obtained  were  confined  in  a  stable 
and  poorly  fed,  getting  sour  hay,  &c.  The  urine  was  clear,  of  a  pe- 
culiar but  pungent  odour,  and  alkaline.  The  specific  gravity  was 
generally  1008  or  1009.     In  two  instances  it  contain^  in  1000 

parts: 

1.  a. 

Water 

Solid  residue 
Urea 

Bippuiic  acid 
Alcohol-extract 
Wateivextxact 
Mucus 
Soluble  salts 
Insoluble  salts 

The  ash  consisted  of: 

Caxbonate  of  magnesia  with  a  little  caibonate  of  lime  7-3 

Sulphate  of  sola        ....  250 

Chbride  of  sodium    ....  14*7 

Carbonate  of  soda  with  a  little  caibonate  of  potash  530 

lOOK) 

Here  we  remark,  as  in  the  urine  of  oxen,  a  considerable  excess 
of  the  alkaline  carbonates  oyer  the  alkaline  earths.  The  hippuric 
acid  seemed  very  variable,  sometimes  equalling  the  urea  in  amount] 

Vauquelin  analyzed  the  urine  of  the  beaver.  He  found  in  it  the 
bicarbonates  of  lime  and  magnesia,  and  hippurate  of  soda,  but  no 

f)ho8phates  or  uric  acid.  He  also  detected  the  undecomposed  co- 
ouring  matter  of  the  bark  of  the  willow  (the  ordinary  food  of  the 
beaver)  in  the  urine;  for  he  found  that  a  piece  of  cloth  which  had 
been  previously  saturated  with  alum,  took  up  the  same  colour  from 
soaking  in  the  urine  as  from  lying  in  a  decoction  of  the  aforesaid 
bark. 

The  urine  of  rabbits  and  guinea-pigs  is  much  the  same:  it  has  an 
alkaline  reaction,  froths  on  the  addition  of  an  acid,  and,  when  ex- 
posed to  the  air,  throws  down  a  sediment  of  carbonate  of  lime:  it 
contains  urea  and  the  salts  which  are  generally  met  with  in  the  urine 
of  the  herbivora. 

[The  urine  of  the  hare  has  been  examined  on  two  occasions  by 
Von  Bibra.  The  first  analysis  was  made  in  December.  By  external 
pressure  on  the  region  of  the  bladder  he  was  enabled  to  collect  about 
three  pints  from  seven  or  eight  hares.  This  was  divided  into  two 
portions,  one  of  which  was  evaporated  and  incinerated,  the  other 

*  Thinking  that  the  absence  of  hippuric  add  might  be  dependent  on' the  diet,  Banamguilt 
aized  green  trefoil  with  the  potatoes:  the  result  was^  however,  itiXl  the  same. 
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tested  for  hippuric  acid,  which  was  found  to  be  present  in  small 
calamity,  forming  0*007  J  of  the  urine. 
The  ash  contained: 

Chloride  of  aoditim  with  a  litUe  diloride  of  potaanum    7*12 
Sulphate  of  aoda       ....  16^ 

Caibonate  ofsoda     •  -  -  -  9-84 

Phosphate  of  soda     ....  53*05 

Fhosphatesof  lime  and  magnesia      •  •  13*17 

100*00 

The  urine  was  turbid  and  alkaline,  depositing  a  white  sediment  of 
minute  globules,  much  smaller  than  those  occurring  in  the  urine  of 
the  horse,  and  consisting,  for  the  most  part,  of  phosphate  of  magnesia. 
The  urine  similarly  obtained  in  the  month  of  June  had  a  faint  alka- 
line reaction,  and,  in  the  course  of  six  hours,  crystals  of  ammoniaco- 
magnesian  phosphate  were  observed  on  the  surface.  Its  specific 
gravity  was  1050,  and  it  contained  in  1000  parts: 

Water 912^ 


Solid  constituents 
Urea 

Hippuric  acid 
Alcohol<extTact 
Water-extract 
Soluble  salts 
InsoluUe  salts 

The  ash  consisted  of: 


8714 
8*54 
microscoDic  crystals 

32-68 
23*70 
12*64 


Chloride  of  sodium  with  a  little  chloride  of  potassium        22*49 
Sulphate  of  soda  ....  29-97 


Carbonate  of  soda 
Phosphate  of  soda 
Phosphate  of  lime 
Phosphate  of  magnesia 


8*73 

4*39 

]2K)0 

22-42 


100*00 

The  difference  in  the  amount  of  earthy  phosphates  in  these  ana- 
lyses is  easily  accounted  for  when  we  consider  the  different  nature 
of  the  food  in  winter  and  summer.  * 

Von  Bibra  obtained  a  minute  quantity  of  a  substance  closely  allied 
to  humic  acid  in  most  of  his  analyses  of  the  urine  of  the  herbivora.] 

The  urine  of  birds,  which  is  discharged  from  the  cloaca  as  a  white 
pulpy  mass  and  soon  hardens  when  exposed  to  the  air,  is  remark- 
able for  the  large  quantity  of  urate  of  ammonia  which  it  contains. 
The  urine  of  birds  of  prey  contains  urea,  and  a  peculiar  green  colour- 
ing matter  which  i^  not  found  in  the  urine  of  graminivorous  birds. 

Vauquelin  and  Fourcroy  found  that,  in  the  ostrich,  the  uric  acid 
amounted  to  one  sixtieth  of  the  weight  of  the  urine;  there  were  also 
present  sulphates  of  potash  and  lime,  chloride  of  ammonium,  an  oily 
substance,  a  peculiar  animal  matter,  and  probably  acetic  acid.  The 
urine  of  the  parrot  is,  according  to  J.  Davy,  very  similar  to  that  of 
serpents. 

The  urine  of  serpents  is  excreted  as  a  white,  pultaceous,  earthy 
mass,  which  soon  stiffens  when  exposed  to  the  air.     It  is  composed. 
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for  the  most  part,  of  uric  acid  in  combination  with  potash,  soda,  and 
ammonia,  together  with  a  little  phosphate  of  lime.  It  contains  no 
urea,  since,  upon  digesting  it  in  alcohol,  a  yellow  extractive  matter 
is  taken  up,  in  which  no  crystals  of  urea  can  be  detected. 

On  the  other  hand,  Berzelius  directs  our  attention  to  the  circum- 
stance that  Cap  and  Henry  have  obtained  urea  from  that  source,  after 
having  saturated  the  uric  acid  with  hydrated  baryta. 

[For  an  analysis  of  the  urine  of  the  rattle-snake,  see  p.  54,  note.] 

The  urine  of  the  bull-frog  {rana  taurind)  consists,  according  to 
J.  Davy,  of  a  fluid  of  specific  gravity  of  1003,  which  contains  urea, 
chloride  of  sodium,  and  a  little  phosphate  of  lime  in  solution.  The 
urine  of  bufo  fuscus  had  a  specific  gravity  of  1008;  it  contained  a 
larger  proportion  of  urea  than  the  urine  of  the  frog,  together  with 
chloride  of  sodium  and  phosphate  of  lime.  In  the  urine  of  ttatudo 
nigrOj  which  was  examined  by  Magnus  and  J.  Miiller,  there  was  no 
uric  acid;  on  the  other  hand,  there  was  0-1  §  of  urea,  with  a  brown 
colouring  matter  which  was  soluble  in  water,  spirit,  potash,  and  hy- 
drochloric acid. 

[The  urine  of  a  land-tortoise  {tesiudo  tabulataf)  which  had  been 
kept  without  food  for  some  months,  has  been  recently  examined  by 
Marchand.^  It  had  a  faintly  acid  reaction,  and  resembled  pus  in  ap- 
pearance.    He  collected  1337  grains,  consisting  of: 

Or  in  1000  partf. 
Water         -  -  .  .  1271  960^ 


Solid  constituents 
Urea 
Uric  add 
Hippuric  acid 


66  49-36 

&5  &40 

23-0  17-25 

none 


iippi 
Salts  and  indeterminate  organic  matter  34*5  25*70 

A  small  quantity  of  brown  liquid  fat,  with  a  strong  urinous  odour, 
was  taken  up  by  ether.] 


■  ^.^/■W^^^^H^^^^^^^^^I^^^^^^^^^^^rs^^^^ 


CHAPTER  VIII. 


THE  SECRETIONS  OP  THE  LACHRYMAL,  MEIBOMIAN,  AND  CERUMIKOUS 

GLANDS. 

The  Tears. 

The  glandulae  lachrymales  are  two  conglomerate  acinous  glands, 
which  secrete  a  limpid  fluid,  containing  a  very  small  proportion  of 
solid  constituents,  and  forming  the  tears.  They  are  for  the  purpose 
of  preserving  the  cornea  of  the  eye  in  a  state  of  moisture,  and  their 
secretion  is  much  increased  by  intense  feelings  either  of  joy  or  grief. 

The  tears  have  not  yet  been  subjected  to  an  accurate  analysis, 

1  Erdmum  und  Maidiand's  Joum.  1845,  b.  4. 
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partly  perhaps  from  the  subject  being  one  of  little  interest  in  a 
scientific  pointy  and  partly  from  the  difficulty  of  obtaining  a  sufficient 
quantity. 

When  examined  under  the  microscope,  the  tears  exhibit  a  small 
quantity  of  pavement  epithelium  and  a  few  mucus-corpuscles  swim- 
ming in  a  clear  fluid.  They  have  a  slightly  saline  taste,  (much  like 
that  of  the  perspiration  that  exudes  from  the  forehead,)  and  change 
red  litmus-paper  to  a  pale  blue. 

The  only  chemical  examination  of  the  tears  that  can  be  depended 
on  is  that  of  Fourcroy  and  Vauquelin,  who  assert  that  they  resemble 
in  their  constitution  the  aqueous  humour  of  the  eye.  The  solid  con- 
stituents amount  to  only  Ig,  and  consist  principally  of  chloride  of 
sodium  and  of  a  yellow  extractive  matter  which  is  not  perfectly 
soluble  in  water:  it  is  not  improbable  that  the  insoluble  portion  arises 
from  the  fatty-mucous  secretion  of  the  Meibomian  glands.  The 
mucus  also  into  which,  according  to  those  chemists,  the  extractive 
matter  of  the  tears  is  converted  previously  to  its  being  perfectly 
dried,  may  be,  as  Berzelius  conjectures,  the  secretion  of  the  Meibo- 
mian glands.  With  regard  to  this  latter  secretion, — the  gummy 
secretion  of  the  eyes,  we  know  even  less  than  of  the  tears:  it  seems 
to  consist  principally  of  a  mucous  matter  and  of  fat. 

Cervmen. 

The  glandulse  ceruminosae,  which  are  situated  in  the  external  skin 
of  the  meatus  auditorius  externus,  secrete  the  ear-wax  (cerumen,)  a 
peculiar  salve-like  matter,  which  is  thrown  out  as  a  yellowish  milk. 

If  a  small  portion  of  ear-wax  is  pressed  between  two  slips  of  glass 
and  observed  under  the  microscope,  we  shall  find  a  quantity  of  vari- 
ously-grouped lamellae  lying  in  a  tolerably  homogeneous  yellow 
mass.  In  these  lamellie,  the  practised  observer  will  easily  recognise 
pavement  epithelium.  On  mixing  the  ear-wax  with  water,  which 
may  be  readily  done,  a  sort  of  yellowish  milk  is  obtained,  in  which, 
with  a  microscope,  we  may  observe  colourless  fat-vesicles,  epithelium- 
scales,  and  sometimes  rhombic  crystals,  very  like  cholesterin.  The 
yellow  colour  of  the  cerumen  does  not  belong  to  the  fat,  but  to  the 
matter  which  is  soluble  in  water.  Berzelius  has  made  the  following 
observations  on  the  cerumen.  Ether  takes  up  fat  from  the  mass 
which  swells  in  it,  and  becomes  as  soft  as  goose-grease;  it  has  not  an 
acid  reaction,  consists  of  stearin  and  olein,  and  contains  a  substance 
which,  after  saponification,  gives  off  a  strong  smell  of  sweat  The 
fatty  acids  which  are  liberated  on  the  addition  of  hydrochloric  acid 
melt  at  104°.  Afler  the  fat  has  been  removed,  alcohol  takes  up  a 
yellow  substance  from  the  ear-wax,  which,  on  evaporation  of  the 
alcohol,  is  left  as  a  glossy  matter,  perfectly  soluble  in  water,  and  of 
a  very  bitter  taste.  It  may  be  entirely  thrown  down  from  its  aque- 
ous solution  by  the  neutral  acetate  of  lead  and  by  chloride  of  tin;  on 
the  other  hand,  nitrate  of  silver  does  not  even  render  it  turbid ;  hence 

48* 
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there  can  be  no  chlorides  present.  Upon  incineratiDg  this 
there  remains  an  ash,  which  consists  of  the  carbonates  of  potash  and 
lime.  The  portion  not  dissolved  by  alcohol  yields  to  water  a  small 
amount  of  yellowish  matter,  which  is  very  similar  to  the  soluble 
matter  obtained  in  a  similar  manner  from  the  other  fluids  of  the  ani- 
mal body,  and  has  a  piquant  taste;  but  it  is  distinguished  by  the 
circumstance  that  neither  lime-water,  basic  acetate  of  lead^  bichlo- 
ride of  mercury,  nor  tannic  acid  precipitate  it 

The  portion  of  the  ear-wax  which  is  insoluble  io  ether,  alcohol, 
and  water,  is,  next  to  the  fat,  the  largest:  acetic  acid  causes  it  to 
swell,  and  only  takes  up  a  very  small  portion  of  an  albuminous  mat- 
ter. The  residue  (consisting  evidently  of  nothing  but  epitheliam- 
cells)  is  partly  soluble  in  free  potash,  from  which  it  cannot  be  agiio 
precipitated  by  acetic  acid;  ferrocyanide  of  potassium  causes  no  pre- 
cipitate in  the  acid  solution,  but  infusion  of  galls  a  very  copious  one. 
Another  portion  of  the  residue,  when  heated  with  a  concentrated 
solution  of  potash,  enters  into  combinations  which  are  not  soluble  in 
that  fluid,  but  which  are  soluble  in  water,  similar  to  what  is  observed 
in  the  urine. 

This  investigation  shows  that  the  ear-wax  is  an  emulsive  com* 
pound,  which  contains  a  soft  fat,  albumen,  a  peculiar  extractive  bitter 
matter,  cpithelium-scalcs,  lactate  of  lime,  and  an  alkaline  lactate,  but 
no  chlorides  and  no  phosphates  soluble  in  water. 


CHAPTER  IX.    . 

SECRETIONS  AND   FLUIDS  OP   THE    GENERATIVE    ORGANS. 

1.  Secretions  of  the  male  generative  organs. 

SEMEN. 

The  seminal  fluid  which  is  formed  in  the  testicles  and  is  conveyed 
along  the  vas  deferens,  is  a  thick,  whitish,  glutinous  mass  possessing 
a  peculiar  odour,  and  when  examined  under  the  microscope  is  found 
to  be  composed  of  a  clear  fluid,  in  which  an  immense  number  of 
minute  caudate  molecules,  the  spermatozoa,  appear  to  be  movins 
about  at  will.  (Fig.  33.)  In  addition  to  the  spermatozoa,  semind 
granules  are  likewise  to  be  seen,  which,  according  to  Wagner,  are 
rounded,  fine  granular  corpuscles  of  74^— ^^^j  of  a  line  in  diameter, 
and  a  few  epithelium-scales. 

The  spermatozoa  occur  in  the  semen  of  nearly  all  animals:  they 
arc  elliptic  in  man,  but  assume  various  forms  in  dificrent  dassesof 
animals. 

The  chemical  analysis  of  the  semen,  although  not  an  uninteresting 
aubject,  seems  little  calculated  to  throw  any  light  upon  the  remarka- 
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ble  process  that  is  recognised  in  the  term  impregnation.  We  cannot 
even  form  any  conjecture  regarding  the  connexion  and  the  reciprocal 
effect  that  must  take  place  between  the  fructifying  semen  and  the 
ovum  which  is  to  be  fructified;  and  although  we  cannot  doubt  that 
there  are  certain  chemical  processes  goins  on,  since  the  act  of  im- 
pregnation is  succeeded  by  a  change  not  only  of  form  but  of  matter, 
we  have  as  yet  but  little  prospect  of  investigating  the  subject  suc- 
cessfully, in  consequence  of  the  insufficiency  of  our  resources. 

The  seminal  fluid  at  the  period  of  emission  is  somewhat  turbid, 
and  is  mixed  with  the  mucous  secretion  of  the  prostate,  from  which 
it  cannot  be  separated.  It  has  not  always  the  same  consistence,  and 
the  longer  it  remains  in  the  vesiculas  seminales,  the  more  consistent 
it  becomes. 

The  investigations  of  Vauquelin,  Jordan,  and  John  have  elicited 
the  following  results,  which,  however,  do  not  sufficiently  explain  its 
chemical  relations.  When  the  seminal  fluid  has  been  allowed  to 
rest  for  some  time,  it  becomes  clear,  more  fluid,  transparent,  and  al- 
most entirely  soluble  in  water;  if,  on  the  contrary,  it  is  at  once 
dropped  into  water  it  sinks,  and  instead  of  perfectly  dissolving,  it 
coagulates  in  threads,  in  the  same  manner  as  if  it  had  been  treated 
with  alcohol.  This  coagulated  matter  is  readily  soluble  in  acetic 
acid,  and  the  solution  gives  a  copious  precipitate  on  the  addition  of 
ferrocyanide  of  potassium. 

--  On  allowing  the  coagulum  to  remain  in  water,  it  gradually  dissolves 
therein,  leaving  a  residue  of  a  few  flocculi.  The  solution,  if  rapidly 
evaporated,  gives  off  the  peculiar  odour  of  semen,  and  leaves  a  clear 
glossy  residue,  which  is  opaque  in  water,  and  only  partially  dissolves 
m  that  fluid.  From  the  portion  which  is  insoluble  in  water,  alcohol 
takes  up  extractive  matter;  and  the  portion  insoluble  in  alcohol  dis- 
solves in  boiling  water,  leaving  a  mucous  residue:  the  solution  is  pre- 
cipitable  by  acetate  of  lead,  chloride  of  tin,  bichloride  of  mercury,  ni- 
trate of  silver,  and  infusion  of  galls. 

In  semen  which  had  stood  for  some  time,  Vauquelin  found  four- 
sided  prisms  arranged  in  stellar  groups,  and  terminating  in  long  four- 
sided  pyramids,  which  Berzelius  considers  to  have  been  ammoniaco- 
magnesian  phosphate.  If  the  semen  is  allowed  to  evaporate  it  be- 
comes covered  with  a  film,  in  which  white  points  may  be  observed, 
which  are  supposed  by  Vauquelin  to  be  composed,  as  well  as  the  be- 
fore-mentioned prisms,  of  phosphate  of  lime.  When  the  whole  of 
the  water  has  been  removed  by  evaporation,  there  remains  a  yellow, 
transparent,  elastic  mass,  which  amounts  to  lOg  of  the  weight  of  the 
semen. 

Vauquelin,  morover,  states  that  fresh  semen  is  soluble  in  all  acids, 
from  wnich  it  cannot  be  precipitated  by  alkalies,  and  conversely, 
that  it  is  soluble  in  the  alkalies,  from  which  it  is  not  precipitabic  by 
acids:  chlorine-water,  however,  coagulates  it  to  such  a  degree  as  to 
render  it  insoluble  in  water  or  acids.  If  the  semen  at  the  moment  of 
emission  is  allowed  to  fall  into  alcohol,  and  to  remain  in  it  for  some 
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time,  it  coagulates  thorouglily,  becomes  opalescenti  and  resembles  t 
long  thread :  it  is  now  incapacitated  from  returning  to  a  state  of  so- 
lution like  fresh  semen,  but  remains  on  being  dried,  fibrous,  snow- 
white,  and  opaque.  It  gradually  softens  in  water,  but  even  at  tlM 
boiling  point  only  a  ver^ small  portion  dissolves  in  that  fluid;  it 
swells,  however,  like  mucus.  If  the  water  in  which  it  has  been 
boiled  is  evaporated,  a  white  matter  remains,  which  is  partiv  solu- 
ble in  cold,  partly  in  boiling  water,  and  the  solution  is  freely  pie- 
cipitable  by  tannic  acid.  That  portion  of  the  semen,  after  coagida* 
Uon  by  alcohol,  which  is  not  soluble  in  boiling  water,  will  also  re- 
sist the  action  of  dilute  solution  of  potash  at  a  moderate  temperatnre; 
it  will,  however,  dissolve  on  being  heated  with  a  concentrated  solu- 
tion of  caustic  potash,  and  it  cannot  be  again  precipitated  from  this 
solution  by  acetic  acid.  With  concentrated  sulphuric  acid  it  forms 
a  yellow  fluid,  without  the  application  of  heat;  on  the  addition  of 
water  it  is  precipitated  with  a  white  colour,  and  the  precipitate  is  not 
soluble  in  an  excess  of  water. 

'  With  acetic  acid  the  coagulum  becomes  gelatinous  and  tranqiarent; 
on  beine  diluted  and  warmed  it  dissolves,  but  does  not  form  a  per- 
fectly clear  fluid:  this  is  only  rendered  turbid  by  ferrocyanide  oipo- 
tassium,  is  not  precipitated  ny  bichloride  of  mercury  or  carboiiate  of 
ammonia,  but  by  tannic  acid  is  thrown  down  in  lig^t  floceulesy  which 
continue  for  a  long  time  in  suspension. 

From  these  researches  Berzelius  concludes  that  the  semen  contains 
a  peculiar  matter  which  may  be  obtained  in  two  separate  slates  de- 
pending upon  whether  it  be  projected  into  water  or  alcohol.  When 
coagulated  by  alcohol  it  has  an  external  resemblance  to  fibrin,  and, 
moreover,  like  that  substance,  it  can  be  precipitated  from  its  acetic- 
acid  solution  by  ferrocyanide  of  potassium:  on  the  other  hand,  it  dif- 
fers^from  it  in  its  solubility  in  nitric  acid,  and  in  its  power  of  resist- 
ing the  soluble  action  of  a  cold  solution  of  potash. 

On  heating  the  residue  of  the  semen  it  becomes  yellow,  emits  an 
odour  of  burnt  horn,  gives  ofi*  a  considerable  quantity  of  ammonia, 
and  leaves  a  carbonaceous  mass  which  is  not  easy  of  incineration,  and 
contains  carbonate  of  soda,  chloride  of  sodium,  and  phosphates  of 
lime  and  magnesia.  Vauquelin  assigns  the  following  composition  to 
the  seminal  fluid. 

In  100  parts  there  are — 

Peculiar  extractive  matter        -  -  -6 

Phosphate  of  limo        ....        3 
Soda  .....        I 

Water  -  -  -  .  -      90 

According  to  John,  the  seminal  fluid  contains  a  substance  resem- 
bling mucus,  with  small  quantities  of  a  peculiar  form  of  albumen,  of 
a  substance  slightly  soluble  in  ether,  of  soda,  phosphate  of  lime,  chlo- 
ride of  sodium,  sulphur,  and  a  volatile  odorous  principle. 

The  prostatic  fluid  which  mixes  with  the  semen  of  the  male,  at 
the  moment  of  emission,  has  never  yel  been  procured  in  suflScient 
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Juantity  for  analysis:  it  forms  an  almost  clear  fluid,  which  may  be 
rawn  out  in  threads. 

2.  Secretions  of  the  female  generative  organs, 

LIQUOR  AMNII. 

The  liquor  amnii  surrounds  the  foetus:  at  the  period  of  delivery 
the  membranes  which  contain  it  give  way,  and  it  escapes  externally. 
Although  it  has  been  submitted  to  numerous  analyses,  its  nature, 
even  now,  is  not  clearly  understood.  Human  liquor  amnii  is  turbid, 
and  holds  in  suspension  flocculi  of  caseous  matter,  arising  from  the 
vernix  caseosa  with  which  the  fo&tus  is  covered.  Its  specific  gravity 
is  1005,  and  it  contains  from  1*2§  to  l*6g  of  solid  constituents;  but 
according  to  Fromherz  and  Gugert,  as  much  as  3^.  It  has  a  very 
decided  alkalinb  reaction,  but  the  indications  of  this  reaction  disap- 
pear when  the  test  paper  is  dried ;  it  is  consequently  dependent  on 
free  ammonia. 

Alcohol  took  up  extractive  matter  from  the  residue  of  the  liquor 
amnii,  and  there  remained,  according  to  Fromherz  and  Gugert,  a 
quantity  of  albumen,  salivary  matter  (ptyalin,)  and  casein. 

When  evaporated  to  the  consistence  of  a  syrup,  and  treated  with 
hydrochloric  acid,  acid  flocculi  separated  themselves,  which  were  re- 
cognised, after  a  careful  analysis,  as  benzoic  acid.  Bcrzelius,  how- 
ever, supposes  that  it  might  have  been  hippuric  acid.  After  the 
fluid  had  been  filtered,  and  the  above  matter  removed,  nitric  acid 
was  added  and  the  mixture  submitted  to  the  action  of  cold.  Verru- 
cose  crystals  then  separated  themselves,  which  were  assumed  to  be 
composed  of  nitrate  of  urea,  without  being  further  analyzed. 

The  salts  of  the  liquor  amnii  are  described  as  consisting  of  chlo- 
ride of  sodium  in  large  quantity,  phosphate,  sulphate,  and  carbonate 
of  soda,  sulphate  of  lime,  and  a  small  amount  of  potash-salts. 

The  analyses  of  Voigt,  which  were  made  with  the  liquor  amnii 
of  women  who  had  died  in  various  stages  of  pregnancy,  give  discor- 
dant results,  probably  as  Bcrzelius  supposes  from  the  circumstance 
of  the  fluid  at  the  full  time  being  dificrent  from  what  it  was  in  the 
early  stages  of  pregnancy.  The  liquor  amnii  at  the  fourth  month 
was  not  turbid,  had  an  insipid  taste,  a  specific  gravity  of  1018-2,  a 
neutral  reaction,  frothed  upon  being  shaken,  coagulated  on  boiling, 
was  precipitated  by  bichloride  of  mercury  and  tannic  acid,  and  less 
copiously  by  perchloride  of  iron  and  acetate  of  lead.  After  coagu- 
lation by  boiling,  the  fluid  which  had  been  cleared  by  filtration,  was 
strongly  precipitablc  by  nitric  acid,  while  it  was  very  little  aficcted 
by  chloride  of  barium,  lime  water,  ammonia,  or  oxalate  of  ammonia. 
Perchloride  of  iron,  and  chloride  of  platinum,  produced  no  eficct 
upon  it 

The  liquor  amnii  at  the  sixth  month  was  turbid,  yellowish,  viscid, 
had  a  specific  gravity  of  1009*2;  when  heated  to  the  boiling  point 
gave  a  mucous  coagulum  which  could  not  be  separated  by  filtration, 
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and  its  bchavour  towards  reagents  was  the  same  as  in  the  former 
case.  As  to  casein^  ptyalin,  urea,  benzoic  and  hippuric  acids,  Voigt 
was  as  unable  to  find  them  as  carbonate  of  ammonia  or  sulphuret  of 
ammonium,  and  he  conceives  that  at  least  some  of  these  substances 
may  arise  from  the  fcctal  urine  which  becomes  mix^d  with  the  liquor 
amnii  previous  to  delivery.  Voigt's  view  of  the  composition  of  the 
liquor  amnii  is  as  follows: 

At  the  4tb  monili.  At  the  SUi  moath. 
Water         ....        979-45  990^ 

Alcohol-extract  and  lactate  of  soda     •  3^9  0-34 

Albumen      ....  lO-T?  0-67 

Chloride  of  eodium  -  -  -  5-95  2^0 

Sulphate  and  phosphate  of  lime  -  0-14  0-90 

[Four  specimens  of  liquor  amnii  examined  by  Dr.  Rees*,  extracted 
from  four  individuals  in  the  7i  month  of  pregnancy,  contained  the 
same  constituents.  The  specific  gravity  varied  from  1008'6  to  1007. 
They  were  alkaline,  contained  urea,  and  the  same  salts  as  occur  in 
the  blood.     One  specimen  contained: 

Water 964-96 

Solid  constituents        .......  1&08 

Albumen  with  traces  of  fi^ty  matter  ....  i<60 

Extract  «)luble  in  water      {  o^nic  matt^;.  chiefly'albumei  ^\       ^ 

^  Salts      -            -            -  2^   1 

Do.  soluble  in  water  and  alcohol  <  Organic  matter,  chiefly  >       7-90 

^     lactic  add  and  urea  4-4   ) 

The  caseous  matter  floating  in  the  liquid  contained  cholesterin. 

The  liquor  amnii  at  the  full  time  has  been  recently  analyzed  by 
Mack,*  who  obtained  two  specimens  for  examination  from  Dr.  Mik- 
schik.  The  fluid  in  both  cases  was  perfectly  pure,  the  membranes 
being  ruptured  as  they  projected  from  the  external  organs. 

The  quantity  of  the  fluid  in  the  first  case  amounted  to  a  little  more 
than  an  ounce  and  a  half;  it  was  turbid,  with  white  flocculi  of  vernix 
caseosa  in  suspension;  it  had  a  sickly  odour,  and  a  faintly  saline  taste. 
Under  the  microscope  there  were  seen  isolated  mucus-corpuscles, 
with  pavement  and  ciliated  epithelium.  The  specific  gravity  was 
1006-3,  and  the  reaction  faintly  alkaline.  The  fluid  coagulated 
slightly  on  heating,  and  became  covered  with  a  thin  membrane  during 
evaporation. 

The  amount  of  fluid  obtained  in  the  second  instance  was  slightly 
above  two  ounces;  the  specific  gravity  was  1004-7;  the  reaction  alka- 
line; and  the  other  physical  characters  the  same  as  in  the  former  case. 
In  1000  parts  there  were  contained: 

1.  2. 

Water               -           .           -        985-147  988-123 

Solid  constituents           .           .          14-853  11-877 

Fat                ...            1.250  0132 

Alcohol^xtract          -            -           5-251  4-752 

Water^xtract             -           .            4-ti5l  4-352 

>  PhiL  Mag.  r3d  series^  vol.  13,  p.  395. 

■  HeUer*s  Ardiiv  fur  fiiysiol.  imd  pathol.  Chemic  tmd  Mikroekc^,  toL  2;  p.  218. 
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Matter  iiuoluble  in  water  -  3-701  2-641 

Solphate  of  lime        •  •  1-7122)  1-672) 

Chloride  of  sodium  and  >  ^^j  j  V9-333  j,^^  V  9«36  fixed  salts, 

caibonate  of  soda       5  3  j 

Urea  and  hippuric  acid  were  carefully,  but  unsuccessfully,  sought 
for  in  both  specimens;  neither  could  carbonate  or  hydrosulphate  of 
ammonia  be  detected. 

It  is  suggested  by  Mack  that  the  discrepancies  in  the  results  ob- 
tained by  other  chemists  may  be  owing  to  their  having  examined 
the  fluid  mixed  with  blood,  mucus,  or  urine.  Two  years  ago  he 
analyzed  a  specimen  (under  the  superintendence  of  Dr«  Ragsky) 
which  contained  much  blood  and  mucus.  The  fluid  was  of  a  dirty 
yellow  colour,  and  deposited  a  sediment  Under  the  microscope 
there  were  seen  blood  and  mucus-corpuscles,  with  epithelium-cells. 
The  specific  gravity  was  1011-2. 

In  1000  parts  there  were  contained 

Water 

Solid  constitucntB 


Fat 

Alcohol-extract 

Water-extract 


Bubstanoefl  insoluble  in  water  •  I(h4i77  ] 

Several  analyses  have  been  made  of  the  liquor  amnii  of  animals. 
A  very  remarkable  observation  on  this  subject  was  made  by  Prout 
The  liquor  amnii  of  a  cow  in  an  early  stage  of  pregnancy  was  of  a 
yellow  colour,  and  opaque  in  consequence  of  holding  a  large  quantity 
of  glittering  particles  in  suspension;  its  taste  was  like  that  of  fresh 
whey,  it  smelt  like  fresh  milk,  and  was  neutral  to  test  paper.  Upon 
heating  it  to  the  boiling  point  it  coagulated;  coagulation  wai^,  how- 
ever, prevented  by  the  addition  of  acetic  acid :  with  chloride  of  ba- 
rium it  gave  a  copious  precipitate.  The  fluid  which  had  been  boiled 
gave,  after  filtration  and  evaporation,  crystal! izable  ^ugar  of  milk,  from 
which  alcohol  took  up  a  yellow  extractive  matter  with  some  lactates. 
Berzelius  remarks  that  the  presence  of  sugar  of  milk  in  the  liquor 
amnii  at  an  early  period,  is  of  the  greatest  physiolop;ical  interest, 
since  it  doubtless  contributes  to  the  nutrition  of  the  foetus.  Prout 
gives  the  following  as  the  composition  of  100  parts  of  this  fluid: 

Water                  ....  97-70 

Albumen               ....  0-26 

Alcohol  extract  and  lactates           •           -  1*66 

Water-extract,  salts,  and  sugar  of  milk        -  0-38 

In  thjB  liquor  amnii  of  a  mare  which  Voigt  examined,  he  also 
found  no  urea.  It  had  a  specific  gravity  of  1005*1,  and  left  a  solid 
residue  of  1*45 J,  half  of  which  was  soluble  in  alcohol:  the  portion 
w^hich  was  not  soluble  in  it  consisted  of  albumen,  chloride  of  sodium^ 
and  sulphate  of  lime. 

In  the  liquor  amnii  of  a  cow,  which  was  viscid,  very  thick,  of  a 
yellow  colour,  and  had  a  saltish  taste  and  an  alkaline  reaction,  Lns- 
saigne  found  albumen,  mucus,  a  yellow  matter  analogous  to  bile, 
chlorides  of  sodium  and  potassium,  carbonate  of  soda,  and  phosphate 
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of  lime:  no  extractive  matters  are  enumerated  amongst  the  constitu* 
ents.  The  flocculi  which  are  suspended  in  the  liquor  amnii  of  the 
cow  are  said  by  this  chemist  to  be  composed  of  albumen  with  0*27 
of  their  weight  of  oxalate  of  lime. 

I  have  already  treated  of  vaginal  mucus,  menstrual  blood,  and  the 
secretion  of  the  mammary  glands;  it  still  remains  for  me  to  offer  a 
few  remarks  on  the  fluid  of  the  allantois.  The  allantois  with  its  en- 
closed fluid  is  absent  in  the  human  embryo:  it  is  found,  however,  in 
many  animals.  It  is  situated  above  the  amnion,  and  it  is  between 
these  two  membranes  that  the  urine  of  the  foetus  collects,  being  con- 
veyed there  by  the  urachus  from  the  urinary  bladder,  and  consti- 
tuting the  fluid  of  the  allantois. 

It  has  several  times  been  the  object  of  chemical  investigation;  it  is 
clear,  of  a  brown-yellow  colour,  of  a  bitter  and  saltish  taste,  and  red- 
dens litmus  paper.  Its  specific  gravity,  according  to  Dzondi,  fluc- 
tuates between  1003  and  1029.  On  evaporation  flocculi  are  precipi- 
tated, which  consist  of  albumen  and  phosphate  of  lime.  The  residue 
left  ailer  evaporation  is  very  slightly  soluble  in  alcohol,  which  takes 
up  a  yellowish-brown  acid  extractive  matter,  and  white  nacreous 
crystals  which  retain  their  form  upon  mixing  the  residue  obtained  by 
evaporation  with  water,  and  constitute  allantoin,  which  was  first 
termed  by  Vauquelin^  amniotic  acid,  and  by  Lassaigue,  allantoic 
acid.  The  substances  remaining  in  the  watery  solution,  are  chloride 
of  sodium,  alkaline  lactates,  a  salt  of  ammonia,  and  extractive  matters. 
From  the  portion  insoluble  in  alcohol,  water  takes  up  sulphate  and 
phosphate  of  soda,  phosphates  of  lime  and  magnesia,  and  a  brown  ex- 
tractive matter  which  is  copiously  precipitated  by  infusion  of  galls. 
Whether  the  fluid  of  the  allantois  contains  urea  as  well  as  allantoin 
is  a  point  not  yet  ascertained.^ 

In  speaking  of  the  liquor  amnii  we  mentioned  that  the  floccules 
which  are  seen  swimming  in  it  are  derived  from  the  peculiar  caseous 
matter,  the  vernix  caseosa,  which  invests  the  foetus.  I  shall  avail 
myself  of  this  opportunity  of  ofiering  a  few  remarks  upon  this  sub- 
stance. Upon  examining  this  caseous  investment  with  the  micro- 
scope, I  found,  especially  when  it  had  been  previously  diluted  with 
water,  a  very  large  quantity  of  pavement  epithelium,  numerous  fat- 
vesicles,  and  some  but  not  a  great  many  crystals,  which  in  part  re- 
sembled cholesterin,  and  in  part  distinctly  assumed  the  form  of  am- 
moniaco-magnesian  phosphate. 

Upon  examining  the  vernix  caseosa  by  the  microscope,  without 
previously  diluting  it  with  water,  indications  of  a  large  number  of 
crystals  presented  themselves;  they  disappeared,  however,  on  the 
addition  of  water,  and  I  concluded  that  this  peculiar  appearance  was 
caused  by  epithelium-cells. 

According  to  Fromherz  and  Gugert  the  vernix  caseosa  consists  of 
a  mixture  of  fat  resembling  cholesterin  with  coagulated  albumen. 
Microscopic  investigation  at  once  shows  that  what  was  considered 

A  See  p.  50. 
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by  these  observers  as  albumen,  was  at  any  rate  for  the  most  part  epi* 
thelium,  and  that  a  considerable  quantity  of  fluid  fat  must  be  present 
besides  cholesterin.  They  also  state  that  ether  takes  up  from  the 
vernix  caseosa  a  fat  which  crystallizes  in  glittering  leaves,  which 
does  not  admit  of  saponification,  and  does  not  melt  in  boiline  water. 
Cold  water  takes  up  a  little  of  the  portion  which  is  insoluble  in  ether, 
and  boiling  water  takes  up  a  yellowish  substance  with  an  alkaline 
reaction,  which  they  regarded  as  ptyalin,  but  which  Berzelius  con- 
ceives to  be  most  likely  albuminate  of  soda.  The  residue  is  evidently 
epithelium,  since  it  is  insoluble  in  a  cold,  but  soluble  in  a  boiling  so- 
lution of  potash. 

[The  most  recent  observations  on  the  vernix  caseosa  are  those  of 
Dr.  Davy.*  He  states  "  that  its  specific  gravity  (after  the  air  that  is 
entangled  in  it  is  removed)  is  1003-9.  It  is  very  retentive  of  water. 
It  required  ten  hours'  exposure  over  the  steam-bath,  to  expel  from 
eight  grains  the  whole  of  the  water  belonging  to  it,  when  it  was  re* 
duced  to  1*77  grain.  A  specimen  of  great  purity  taken  from  a  heal- 
thy infant  immediately  after  birth  was  found  to  consist  of: 

Water 77-67 

Olein        •                       .           .           -  6-75 

Margarin              ....  3>13 

Epithelium  acaks             -           -           -  13-S25 

lOOOO 
<<  A  portion  of  the  same  was  incinerated:  it  burned  with  a  brisht 
flame  and  left  a  very  small  quantity  of  white  ash,  hardly  ^^^^th  of  a 
grain,  although  40  grains  was  the  quantity  consumed,  weighed  before 
drying.  This  ash,  in  a  drop  of  dilute  muriatic  acid,  dissolved,  emit- 
ting a  distinct  smell  of  sulphuretted  hydrogen ;  and  the  solution  was 
clouded  by  adding  a  little  ammonia,  indicating  the  presence  of  a 
minute  portion  of  phosphate  of  lime  and  sulphur — the  latter  in 
union  probably  with  lime  or  potash.*'] 


CHAPTER  X.    ' 

THE  INTESTINAL  EXCRETIONS. 

That  portion  of  the  food  which  is  not  taken  up  by  the  absorbents 
which  are  every  where  distributed  between  the  stomach  and  the  large 
intestine  is  again  discharged  from  the  system  as  faeces. 

The  faeces  must  materially  vary  with  the  species  of  food  that  is 
taken,  and  with  the  energy  of  the  digestive  powers.  When  we  see 
that  many  men  are  kept  in  a  better  and  more  desirable  condition  on 
a  very  small  quantity  of  food,  than  others  who  take  a  large  amount  of 

1  MedkxHJii^  Trana.  1844,  p.  193. 
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nutritious  aliment,  we  must  necessarily  conclude  that  in  the  former 
case  every  thing  which  could  possibly  serve  for  nutrition  was  extract^ 
ed  and  suitably  employed,  while  in  the  latter  we  must  suppose  that 
only  a  small  portion  of  nutritive  matter  was  taken  up  from  the  large 
quantity  of  food,  and  that  the  greater  portion  was  discharged  with  the 
races.  In  accordance  with  what  I  briefly  stated  respecting  the  fluid 
secretions  of  the  chylopoietic  viscera  in  relation  to  the  process  of  di- 
gestion, it  follows  tnat  after  food  has  been  taken  the  feces  must  coo- 
tain  (1)  that  portion  of  the  food  which  has  not  been  absorbed,  and 
(8)  the  addition  which  is  received  in  the  form  of  secretion  from  the 
intestinal  canal  and  its  appendages,  between  the  mouth  and  the  anusi 
These  consequently  are,  those  substances  which  are  altogether  in- 
soluble in  the  digestive  fluids,  as,  for  instance,  vegetable  fibre;  those 
which,  although  capable  of  digestion,  have  from  yarious  causes  not 
been  dijEested,  as  for  instance,  the  flesh  of  old  animals,  sinews,  lin- 
ments,  fat,  &c. ;  the  bile,  more  or  less  modified,  together  with  bili- 
phsein  and  cholesterin,  the  mucus  of  the  intestinal  canal,  and  a  consi- 
derable amount  of  salts,  amongst  which  ammoniaco-magnesian  phos- 
phate is  especially  distinguished  by  its  well-defined  crystals. 

The  faeces  of  adults  are,  however,  difierent  from  those  of  the  foetus 
and  the  infant  at  the  breast,  as  the  following  analyses  will  show. 

I  have  made  an  analysis  of  the  faeces  of  the  foetus, — the  meconium; 
it  constituted  a  thick,  glutinous  greenish-black  mass,  had  a  sweetish 
insipid  odour,  and  a  corresponding  taste :  when  examined  with  the 
microscope,  after  being  diluted  with  water,  a  very  large  number  of 
epithelium-cells  and  numerous  rhombic  plates,  resembling  crystal- 
lized cholesterin  could  be  seen,  besides  a  green-coloured  amorphous 
mass  which  was  present  in  considerable  quantity. 

A  small  number  of  minute  rounded  corpuscles,  which  upon  float- 
ing about,  allowed  me  to  recognise  their  flattened  shape,  appeared  to 
be  discoloured  blood-corpuscles. 

Ether  took  up,  from  the  dried  meconium,  a  firm  white  fat, — cho- 
lesterin; alcohol  took  up  some  extractive  matter  with  bilifellinic 
acid;  spirit  took  up  a  substance  reacting  exactly  like  casein,  together 
with  some  bilifellinic  acid;  finally,  alcohol  acidulated  with  sulphuric 
acid  took  up  some  ereen  bile-pigment  There  remained  cells,  mu- 
cus, and  probably  albumen. 

100  parts  of  the  dried  meconium  contained: 


Analysis  149. 

Cholesterin           «           «           . 

16H)0 

Eitractife  matter  and  bOifeOinic  add 

]4*00 

Caaein                  ... 

3400 

BihMinic  arid  and  biKn    - 

6-00 

BQiverdin  with  bilifeUinic  add 

4-00 

Cells,  mucus,  albumen 

.       2&00 

The  ash  of  meconium  consists,  according  to  Payen,  of  an  alkaline 
carbonate,  and  phosphate  of  lime. 

[Dr.  Davy*  has  recently  examined  the  meconium  both  micro- 

>  Medioo-Chirurg.  IVmm.  1844,  ^  189. 
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flcopically  and  chemically.  ^Mt  maybe  advantageously  examined 
by  the  microscope,  either  mixed  wilh  water  or  in  a  saturated  solu- 
tion of  common  salt,  or  merely  compressed  between  two  plates  of 
glass.  Using  either  method,  its  appearance  is  much  the  same^ — it 
exhibits  a  confused  mixture  of  globules,  plates,  and  molecules. 

"The  globules,  about  l-3000th  of  an  inch  in  diameter,  are  very 
abundant,  and  form  the  principal  mass  of  the  whole.  Judging^igom 
their  form  and  size,  their  insolubility  in  water  and  alcohol,  they  may 
be  inferred  to  consist  chiefly  of  mucus. 

"The  plates,  which  are  tolerably  abundant,  are  of  two  kinds;  one 
kind  is  of  irregular  form,  somewhat  granular,  varying  in  size  from 
about  l-2000th  to  1 -1000th  of  an  inch  in  diameter,  insoluble  in 
water,  alcohol,  whether  hot  or  cold,  and  the  dilute  acids  and  alkalies 
after  the  manner  of  epithelium-scales,  which  we  believe  them  to  be. 
The  other  kind  are  of  a  regular  form,  chiefly  rhomboidal,  of  great 
thinness  and  perfect  transparency,  insoluble  in  water  and  acids  and 
cold  alcohol,  but  readily  soluble  in  hot; — properties  sufiiciently  in- 
dicative of  cholesterin. 

"  The  molecules  vary  in  size  from  1 -8000th  to  l-20,000th  of  an 
inch  in  diameter ; — and,  as  they  are  insoluble  in  water,  and  in  most 
part  soluble  in  an  alkaline  ley,  they  may  be  considered  as  consisting 
chiefly  of  fatty  matter.  They  constitute  a  very  small  part  of  the 
whole. 

"Besides  these  ingredients  admitting  of  being  distinguished  by 
the  microscope,  to  which  the  meconium  owes  its  thick  consistency 
and  viscid  nature,  there  is  another  portion,  the  soluble  part,  with 
which  they  are  imbued,  and  from  which  the  mass  derives  its  colour 
and  taste,  and  probably  its  power  of  resisting  putrefaction,  and  which 
seems  identical  with  the  colouring  and  sapid  matter  of  bile,  being 
soluble  in  water  and  alcohol.^ 

"  The  specific  gravity  of  meconium,  deprived  of  air,  exceeds  that 
of  water.  It  sinks  in  a  saturated  solution  of  common  salt  of  the 
specific  gravity  of  1 148. 

"  This  mixture  of  meconium  and  brine  affords,  after  standing  for 
some  time,  a  kind  of  mechanical  analysis  or  separation  of  its  ingre- 
dients. The  mucus'globules  and  epithelium-scales,  dyed  of  a  dark 
green  by  the  colouring  matter,  find  their  place  of  rest  at  the  bottom, 
whilst  in  the  supernatant  fluid,  slightl}'  turbid,  and  of  a  bright  green- 
ish-yellow hue,  numerous  plates  of  cholesterin,  and  a  smaller  num- 
ber of  fatty  globules  and  molecules  are  found  suspended." 

Every  specimen  examined  by  Dr.  Davy,  (some  voided  just  after 
birth,  others  taken  from  the  intestines  of  still-born  children,)  was 
very  similar,  composed  chiefly  of  mucus-globules  and  epithelium- 

*  This  property  of  meconium  m  remaikable.  After  more  than  three  months  a  portion  pat 
bjr  in  a  bottle  containing  a  good  deal  of  air,  closed  to  prevent  the  drying  of  the  substance,  was 
mmd  unaltered  in  colour,  and  presenting  the  same  appearance  under  &  microscope  as  when 
first  examined;  the  only  perceptible  difliSence  was  that  its  upper  sur6oo  was  covered  with  a 
piould  or  mucor,  like  that  of  cheese,  formed  of  connected  globules,  each  about  l-5000th  of  an 
■icfa  m  dnuuBler. 
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icaleSy  and  of  biliary  matter  containing,  besides  the  colouring  and 
aapid  matter  of  the  bile,  a  small  portion  of  cholesterin,  of  margarin, 
and  olein,  with  a  little  free  acid,  probably  the  carbonic,  judging  from 
the  absence  of  a  precipitate  on  the  addition  of  nitrate  of  silver,  and 
from  the  circumstance  that  the  redness  imparted  to  litmus  paper  was 
removed  by  heat 

A  specimen  obtained  from  a  healthy  child  immediately  after  birth, 
contained: 

Wtter               .....  72-7 

Mucua  aiid  qnthcUum-Kak*       ...  23^ 

Cholorterin  and  margarin            -           -           -  0*7 

Colouring  and  aapid  matter  of  bile,  and  olein       -  30 

lOOO 

A  portion  of  the  same  meconium  was  incinerated.  It  burned, 
after  becoming  semifluid,  with  a  bright  flame,  and  left  *69  J  of  reddish 
ash,  chiefly  peroxide  of  iron  and  magnesia,  with  a  trace  of  phosphate 
of  lime  and  chloride  of  sodium:  the  magnesia  seemed  to  be  the  pre- 
dominant ingredient  and  uncombined.] 

I  have  likewise  analyzed  the  faeces  of  an  infant  six  days  old^nou- 
rished  on  its  mother^s  milk.  They  were  pultaceous,  of  a  yellow  co- 
lour, had  a  strong  acid  odour,  and  both  smelled  and  tasted  like  sour 
milk.  When  the  mass  was  diluted  with  water,  I  could  observe 
through  the  microscope  an  extraordinary  number  of  fat-vesicles; 
there  were  no  epithelium-cells,  but  I  found  an  amorphous  consistent 
matter  resembling  coagulated  albumen  or  casein.  The  proportion  of 
fat  was  so  large  that  on  evaporation  the  whole  mass  became  fluid. 
Ether  took  up  this  fat,  which  appeared  to  be  more  solid  than  butter, 
but  contained  no  cholcsterin,  since  it  was  perfectly  saponifiable.  After 
the  removal  of  the  fat,  the  faeces  did  not  yield  any  extractive  matter 
to  alcohol,  but  gave  biliverdin  to  alcohol  acidulated  with  sulphuric 
acid.  On  extracting  this  colouring  matter  with  ether,  a  considerable 
quantity  of  green  fat  was  taken  up. 

100  parts  of  the  dried  faecal  mass  contained: 

Analyiii  150. 

Fat 52K)0 

BUc  pigment  with  &t        •            .            .  1(H)0 

Coagulated  casein  with  nracuB       -           -  18O0 

MoBture  and  loaa              ...  WOO 

No  accurate  analysis  of  the  excrements  of  the  healthy  adult  has 
been  made,  that  I  am  aware  of,  since  1804,  when  Berzclius  investi- 
gated the  subject:  I  shall  therefore  give  his  results.  The  excrements 
mix  very  gradually  with  water,  which  they  render  mucous  and  tur^ 
bid,  and  which  is  a  long  time  clearing  itself:  on  decanting  the  mix- 
ture, there  remains  a  grayish-brown  residue  consisting  of  insoluble 
vegetable  matter,  through  which  a  thick  grayish-green  fluid  per- 
meates, depositing  a  copious  sediment  when  placed  m  a  corked  bot- 
tle. 

The  thinner  supernatant  portion  can  only  be  filtered  with  difii- 
'Uty.     If  the  fluid  is  very  concentrated,  and  is  at  the  same  time 


FJBCES.  575 

clear,  it  will  soon  be  observed  to  become  dark,  a  change  of  colour 
apparently  due  to  the  action  of  the  atmosphere.  When  this  fluid  is 
evaporated,  crystals  of  ammoniaco-magnesian  phosphate  gradually 
form  on  the  surface:  as  they  were  not  previously  apparent,  we  may 
conclude  that  the  ammonia  is  subsequently  produced.  On  extracting 
with  alcohol  the  residue  left  after  the  evaporation  of  the  water,  a 
substance  of  a  reddish-brown  colour  is  taken  up,  while  a  grayish- 
brown  matter  (A)  remains  undissolved. 

The  alcoholic  solution  yields  on  evaporation  a  residue  which  forms 
a  resinous  precipitate  with  sulphuric  acid,  consisting  of  bilifellinie 
acid  with  an  excess  of  bilin,  which  may  be  separated  by  oxide  of 
lead  into  bilifellinate  of  lead  and  bilin. 

On  distilling  the  mixture  with  sulphuric  acid  we  obtain  a  fluid 
which  yields  traces  of  hydrochloric  but  not  of  acetic  acid:  on  satu* 
rating  the  sulphuric  acid  in  the  residue  with  baryta,  after  the  separa- 
tion of  the  biliary  resin,  and  then  evaporating,  and  treating  the  dry 
mass  with  alcohol,  an  extractive  matter  of  a  reddish-brown  tint  is 
taken  up,  which  is  apparently  the  cause  of  the  change  of  colour  to 
which  we  have  already  alluded  in  the  concentrated  aqueous  solution 
of  the  faeces.  This  substance  is  soluble  in  alcohol  and  in  water,  is 
almost  entirely  precipitated  by  the  salts  of  tin,  lead,  and  silver,  and 
on  the  addition  of  an  acid  a  bright  red  deposit  is  formed.  On  adding 
a  little  tannic  acid  it  is  precipitated  in  the  form  of  a  red  powder,  and 
by  an  excess  of  that  reagent,  in  grayish-brown  flocculi. 

The  substance  (A)  which  is  soluble  in  water  but  not  in  alcohol, 
consists  of  albumen  coloured  brown  by  bile,  containing,  mixed  with 
it,  alkaline  sulphates  and  phosphates,  and  phosphate  of  lime. 

That  portion  of  the  faeces  which  is  insoluble  in  water,  and  remains 
floating  on  its  surface,  consists  of  a  mixture  of  intestinal  mucus  and 
of  the  substances  precipitated  by  the  bile:  it  is  very  viscid,  clogs  up 
the  pores  of  filtering  paper,  and  dries  upon  it  as  a  glistening,  brittle, 
and  elastic  coating;  on  being  again  placed  in  water  it  softens,  and, 
especially  if  any  free  alkali  is  present,  becomes  viscid  as  before. 

This  mass  is  perfectly  soluble  in  caustic  potash,  and  may  be  again 
thrown  down  by  the  addition  of  an  acid;  the  fluid  then  gives  oflf  an 
odour  of  bile.  Ether  and  alcohol  take  up  fat  and  biliary  resin,  and 
yield  greenish  extracts.  The  ethereal  solution  becomes  turbid  on 
the  addition  of  alcohol  in  consequence  of  the  precipitation  of  fat; 
the  residue  left  after  evaporation  melts  in  boiling  water,  leaves  spots 
of  fat  on  filtering  paper;  and  dissolves  in  caustic  potash;  hence  it 
contains  no  cholesterin.  The  portion  left  after  the  aforesaid  extrac- 
tions with  ether  and  alcohol,  imparts  to  water  a  peculiar  yellow  mat- 
ter which  soon  changes  to  a  darker  tint  after  exposure  to  the  air;  it 
is  devoid  of  odour  or  taste,  and  rapidly  becomes  putrid.  It  is  at 
first  insoluble  in  alcohol,  but  it  becomes  soluble  as  decay  commences; 
moreover  when  fresh  it  is  hardly  rendered  turbid  by  the  addition  of 
infusion  of  galls,  but  is  strongly  precipitated  by  that  reagent  after  the 
commencement  of  putrefaction.     If  this  substance,  when  quite  fresh, 
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is  mixed  with  the  solution  of  fat  and  biliary  resin  which  we  have 
jast  described,  we  observe  a  grayish-green  precipitate  which  deposits 
itself  as  slowly  as  the  precipitate  from  which  these  substances  were 
originally  obtained.  Hence,  as  Berzelius  remarks,  we  may  conclude 
that  the  excrements  contain  an  insoluble  combination  of  the  consti- 
tuents of  the  bile,  with  other  materials  which  have  been  added  to  it 
in  the  course  of  the  digestive  process. 

The  analysis  of  human  faeces,  sufficiently  consistent  to  form  con- 
sistent masses,  yielded  to  Berzelius  the  following  results  in  1000 
parts: 


Water 

Solid  oonstitiienis 

Bile 

AlbameQ    - 

Peculkr  eitracthw  matter 

Salts 

Insoluble  residQe  of  food 

Substances  added  in  the  intestinal  canal,  as  muciiSy  biliaiy 
nain,  &t,  a  peculiar  animal  matter,  dec.  -  -  • 


7330 

267-0 

90 

90 

270 

190 

TOO 

140O 


The  salts  in  this  analysis  were  determined  by  a  separate  experi- 
ment: three  ounces  of  fresh  excrement  were  repeatedly  extracted 
with  water,  and  the  residue  obtained  by  evaporation  was  incinerated 

The  ash  was  composed  of: 


Carbonate  (lactate  of  soda)    - 

.       3<5 

Chloride  of  sodium 

40 

Sulphate  of  soda       .           .           . 

-       80 

Phosphate  of  magnesia 

•       M 

Phosphate  of  lime     .            .           - 

40 

15^ 

We  observe  that  there  is  a  considerable  proportion  of  phosphate 
of  magnesia,  and  a  much  larger  of  phosphate  of  lime ;  the  former 
constituting  13-3g  and  the  latter  26-6^  of  the  salts.  The  compara- 
tively large  amount  of  phosphate  of  magnesia  may  be  partly  ac- 
counted for  by  the  use  of  coarse  bread,  which  contains  a  considera- 
ble quantity  of  this  salt 

From  dried  excrements  Berzelius  obtained  15*0g  of  fixed  salts,  of 
which  log  were  earthy  phosphates  with  a  trace  of  sulphate  of  lime, 
0*8  g  carbonate  of  soda,  an  equal  quantity  of  sulphate  of  soda  with 
sulphate  of  potash  and  phosphate  of  soda,  and  1*62  silica  originating 
from  vegetable  matters.  Nothing  is  said  regardmg  the  chlorides; 
they  were  probably  not  determined. 

[Enderlin  has  instituted  numerous  observations  on  human  faeces, 
chiefly  in  reference  to  the  salts. 

A.  Fresh  excrements  of  a  yellowish-brown  colour,  a  pulpy  appear- 
ance, and  an  alkaline  reaction,  were  dried  and  incinerated.  The  re- 
sulting ash  was  white,  alkaline,  effervesced  on  the  addition  of  an  acid, 
and  contained: 

Tribasic  phosphate  of  soda  (a  little.) 
Chloride  of  sodium. 
Alkaline  sulphates.* 
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Phoiphaicfl  of  lime  and  ma^esia  (ia  abundance.) 
Caibonate  and  lulphate  of  lime. 
Phoiphate  of  iron  (a  trace.) 

B.  Another  portion  of  the  same  excrement  was  extracted  with 
w^ter,  and  the  brown,  alkaline  solution  evaporated  on  the  water-bath. 

During  the  process  of  evaporation  there  was  formed  on  the  sur- 
face a  tenacious,  yellowish-brown  film,  which,  when  removed,  was 
speedily  replaced. 

a.  One  half  of  the  evaporated  aqueous  extract  was  incinerated. 
The  ash  was  very  alkaline,  effervesced  briskly  on  the  addition  of  an 
acid,  and  contained: 

Alkaline  carbonates.  Alkaline  solphatea. 

Alkaline  phosphates.  Chloride  of  sodium  and  earthy  phosphates. 

b.  The  other  half  of  the  evaporated  aqueous  extract  was  treated 
with  alcohol,  which  assumed  a  tint  varying  from  a  red  to  a  green, 
and  had  an  alkaline  reaction.  On  evaporating  the  alcoholic  solution, 
an  alkaline  ash  was  obtained,  consisting,  for  the  most  part,  of  tribasic 
phosphate  of  soda  and  chloride  of  sodium. 

The  membrane  and  other  matters  not  taken  up  by  alcohol,  yielded 
a  neutral  ash  consisting  of  phosphates  of  lime  and  magnesia,  with 
traces  of  chloride  of  sodium  and  alkaline  phosphates. 

c.  The  portion  of  excrement  not  taken  up  by  water,  yielded  a 
neutral  ash  consisting  of: 

Phonhates  of  lime  and  magnesia. 

Sulphate  of  lime. 

Traces  of  chloride  of  sodium  and  alkaline  phosphates. 

With  a  solution  of  baryta,  the  alcoholic  solution  yielded  a  very 
bulky,  yellowish-green  precipitate;  and,  on  the  addition  of  basic 
acetate  of  lead,  there  was  a  tonsiderable  sediment  soluble  in  acetic 
acid,  decolorization  of  the  fluid,  &c;  hence  unchanged  choleate  of 
soda  was  present.  The  occurrence  of  this  constituent  was,  however, 
by  no  means  invariable:  and  generally  speaking,  choleate  of  soda  (or 
bile)  may  be  expected  to  be  absent  when  the  faeces  have  remained 
for  some  time  in  the  large  intestine,  and  there  has  been  full  oppor- 
tunity for  resorption. 

It  follows  that  the  carbonate  of  lime  is  a  product  of  the  double 
decomposition  that  occurs  between  the  sulphate  of  lime  and  the  car- 
bonate*of  soda  resulting  from  the  incinerated  choleate  of  soda,  or 
bile. 

The  formation  of  the  membrane  during  evaporation  indicates  the 
presence  of  a  certain  amount  of  albumen. 

In  100  parts  of  the  ash  yielded  by  the  excrement  of  another  in- 
dividual, there  were  contained : 


Chloride  of  sodium  and  alkaline  sulphates      -  1'367  7  ..„ij^  •    .^^^ 

Bihasic  phosphate  of  soda      -  -  -  2^33  J  wluwe  m  water. 

—      -  —  -  -  — 1 

►insoluble  in  water. 


Phosphates  of  lime  and  magnesia       -            -'  6(V372' 

Phosphate  of  iron     ....  24)90 

Sulphate  of  lime       ....  4-530 

Silica 7-940 


96-932 


578  THE  EXCRETIONS. 

From  the  absence  of  carbonate  of  lime  in  this  instance,  it  may  be 
concluded  that  no  choleate  of  soda  or  bile  was  present  The  excre- 
ment was  very  firm  and  solid. 

I  am  indebted  to  the  kindness  of  Dr.  Percy  for  the  following  ana- 
lyses of  the  faeces. 

1.  The  individual,  who  was  about  thirty  years  of  age,  had  taken 
the  ordinary  diet  of  this  country,  and  appeared  to  be  in  the  enjoy- 
ment of  perfect  health. 

In  100  parts  of  dried  residue  there  were  contained: 

Subitaiioes  soluble  in  ether  (browDHh  yeUow  &t)    ...  11^ 

**               in  alcohol  of -830            ....  1074 

"               in  witer  (brown  ramoid  matter)             -           •  ll'€l 

Onianic  matter  iniiolnhle  in  the  ahofe  menstrua       ...  49*33 

8altfl  soluble  in  water         ......  4-76 

Salts  insoluble  in  water      ......  11^1 

An  ultimate  analysis  of  the  faeces  in  this  case  was  also  instituted. 
"I  may  here  premise,"  says  Dr.  Percy,  "that  I  have  invariably  used 
chromate  of  lead  as  the  oxidizing  body,  and  have  occasionally  sheath- 
ed the  combustion  tube  with  thin  sheet  copper,  in  order  to  enable 
me  to  attain  a  high  degree  of  heat  towards  the  close  of  the  combus- 
tion, a  precaution  essentially  necessary  in  the  analysis  of  these  mat- 
ters, as  the  last  trace  of  carbon  cannot,  without  this  precaution,  be 
completely  burned.  In  corroboration  of  this  statement  I  may  men- 
tion that  the  perfect  incineration  of  faeces  at  a  red  heat  reauires  a 
considerable  time.  The  matter  was  prepared  for  analysis  by  first 
drying  over  the  water-bath,  and  then  either  in  an  oven  at  the  tem- 
perature of  212°  or  some  degrees  above,  or  in  the  salt-water  bath  and 
by  a  current  of  air  desiccated  by  chloride  of  calcium.  I  was  ex- 
tremely particular  in  respect  to  the  drying,  and,  generally,  in  a  second 
analysis,  employed  matter  which  had  been  subjected  to  the  drying 
process  for  a  much  longer  time  than  in  the  first,  so  that  the  correct- 
ness of  the  proportion  of  hydrogen  should  be  satisfactorily  tested. 

1st  Analysis:  7-41  gn.  gave— of  water  4*43  or  of  hydrogen  6*64 1,  of  CO,  12^  or  of  C 

2d  Analysis:  7*24  grs.  gave— of  water  4-44  or  of  hydrogen  6*818,  of  CO.  12^  or  of  C 
46^). 
Inoneration:  50*13  grs.  gave— of  ash  8*21,  or  16*378. 
Nitrogen — ^not  yet  determined. 
Taking  the  mean,  we  have: 

C        .        .        .    46*20-> 

N&6       !       .'    30*71  M^^^>^ 
AA    .        .        .    16-37J 

"These  results  are  very  nearly  the  same  as  those  obtained  by  Dr. 
Playfair,^  at  Gicssen.  His  analysis  gives  C  45*24,  H  6-88,  N  &  0 
34-73,  ash  13*15.  These  facts  are  worthy  of  attention,  as  they  seem 
to  show  that,  under  ordinary  circumstances  of  health,  the  composition 
of  the  faeces  is  more  uniform  than  we  might  h  priori  have  antici- 
pated. The  first  analysis,  it  will  be  borne  in  mind,  was  of  the  faeces 
of  a  man  in  this  country;  the  second,  of  a  soldier  at  Giessen. 

>  Liebig's  Animal  Chemistry,  2d  edition,  p.  285. 
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**2.  A  man  undergoing  the  curious  and  rigorous  discipline  of 
training  for  prize-fighting.  This  individual,  it  will  not  be  doubted, 
was  in  the  possession  of  the  most  perfect  health.  He  had  been  in 
training  for  about  a  week.  Age,  22 ;  height,  5ft  6in.;  weight,  8i 
stones.  I  request  particular  attention  to  the  diet  He  breakfasted 
at  9  a.  m.,  and  took  one  pound  of  mutton  weighed  before  cooking. 
He  dined  at  1  p.  m.,  took  the  same  quantity  of  mutton,  and  about 
two  ounces  of  bread.  He  had  the  same  quantity  of  mutton  for  sup- 
per at  8  p.  m.  At  each  meal  he  drank  half  a  pint  of  ale,  and  no  other 
liquid  during  the  day;  nor,  it  must  be  remembered,  had  he  any  other 
yegetable  matter  besides  the  small  quantity  of  bread  mentioned.  He 
walked  seventeen  miles  daily. 

1st  Analyaifl:  &35  gn.  gave— of  HO  3-43  oar  H  712g.  of  CO,  9-73  or  C  49^0$. 
2d  Analyas:  5-74  gre.  gave— of  HO  3-G2  or  H  7-01||,  of  CO,  1052  or  C  49^Jbg. 

The  difierence  between  these  two  analyses,  in  respect  to  the  car-^ 
bon,  is  greater  than  should  be  allowed,  but  I  had  not  time  to  make 
a  third  analysis. 

Indneratioii:  31*42  gn.  save—  of  aah  4-56,  or  14-51  g 

Mean — C  • 

H       • 


•  49-79  T 

•  7-06  I 

•  28-64  f 

•  14-51  J 


N&O        •        •    28-64  "^    ^^^^^^ 
AA    •        •        •    14-51 

**!  should  observe  that,  in  drying  this  specimen,  towards  the  end 
of  the  process  a  small  quantity  of  liquid  condensed  on  the  surface  of 
the  tube  communicating  with  the  vessel  of  water,  which  was  clear 
and  colourless,  had  a  peculiar  and  extremely  offensive  odour,  and 
which  powerfully  reddened  litmus.  I  had  not  suflScient  leisure  to 
examine  it  more  minutely  at  the  time.'^^] 

Thefxcts  during  disease. 

In  certain  pathological  conditions,  the  faeces  frequently  undergo 
very  important  modifications.  These  changes  cannot  be  due  to  any 
peculiarities  in  the  ingesta;  they  must  originate  in  an  alienated  mix- 
ture or  separation  of  the  secretions  of  the  chylopoietic  viscera.  This 
irregularity  may  lead  to  imperfect  chymification,  in  which  case  mat- 
ters will  be  carried  off  with  the  faeces,  which,  if  they  had  been  pro- 
perly digested,  would  have  entered  the  vascular  system;  or,  in  con- 
sequence of  the  changed  process  of  secretion,  substances  which  are 
normal  secretions  may  be  separated  in  too  large  a  quantity,  as,  for 
instance,  water;  or  substances  which  ought  to  be  present,  are  en- 
tirely absent,  as,  for  instance,  bile;  or,  lastly,  substances  which  are 
altogether  foreign  to  the  normal  secretions,  are  mixed  with  the  faeces, 
as  albumen,  blood,  &c 


had  the  pfeanue  of  meeting  at  ProfesBor  Graham^s,  infonxicd  mc  that  Ur.  Ragsky  of  Vienna 
has  diaooverod  this  adkl  in  the  fiecea. 
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In  the  case  of  diabetes  alluded  to  in  p.  519, 1  carefully  examined 
the  faeces.  They  contained  no  sugar,  and  were  chiefly  remarkable 
for  their  large  amount  of  solid  fat.  Two  or  three  pultaceous  stools^ 
averaging  collectively  18.5  ounces,  were  passed  daily.  They  gave 
off  a  very  disagreeable  odour,  and  were  of  a  grayish  clay  colour. 

Alcohol  digested  with  this  fascal  matter  became  coloured  brown^ 
and  extracted  a  large  quantity  of  fat,  extractive  matter,  and  a  little 
bilin.  On  treating  the  portion  insoluble  in  alcohol  with  water,  a 
small  amount  of  water-extract,  almost  devoid  of  taste,  was  taken  up. 
The  insoluble  residue  yielded,  on  incineration,  an  odour  of  burned 
horn  or  glue,  and  contained  a  large  amount  of  nitrogen.^  A  quan- 
titative analysis  showed  that  the  18*5  ounces  of  faecal  matter  contained: 

Analytic  \S1, 
Whole  qoantity.    in  100  ptru. 
m.  grmini. 
Wtter         -  -  -  -  . 

Solid  coiifftitacntB     .... 
Fat  -  -  .  -  - 

Bilin  and  extractive  matter  soluble  in  alcohol 
Water^extract       .... 
Alkaline  aalta       .... 
Caibonale  of  lime  ... 

Earthy  phoaphatM  and  peroxide  of  iron     - 
Insoluble  nitrogenous  matten 

I  have  attempted  in  accordance  with  the  plan  laid  down  in  the 
appendix  to  Lieoig's  <  Animal  Chemistry,'  to  compare  the  amount  of 
carbon,  nitrogen,  and  hydrogen  in  the  food  and  in  the  excretions. 

The  ingesta  consisted  of: 

8  OS.  of  diy  gluten  bread. 

11-5  "       diy  meat 

2  "       dry  egg. 

2  '*       cod4iver  ofl. 

23-5  ounces. 

There  were  discharged  : 

By  the  urine.  Prom  the  bowel*. 

8^01.  of  sugar.  2    ocofikt 

1*3  OB.  of  urea.  2-5  oa.  of  nitrogenous  insoluble  fiecal  matter 

J5  grains  of  uric  add.  and  protein-compounds. 

100  grains  of  extractive  matter  and  bilin. 


12 

312 

5 

406 

S 

0 

34-0 

0 

56 

ftO 

0 

56 

SO 

0 

182) 

e-5 

0 

70V364 

26 

0 

II2S 

4-0 

2 

359 

470 

» ^ 


15  ounces. 

There  is  then  an  excess  of  8J  oz.  of  food. 

lo  tlie  food  there  are  contained;  In  the  excretions  there  are  contained: 
12  OK.  of  carbon.  60  ox.  of  carbon. 

1  OK.  6  drms.  of  hydrogen.  1     os.  of  hydrogen. 

2*5  OK.  of  nitrogen.  410  grains  of  nitrogen. 

700  grains  of  fixed  saltsi  710  grains  of  fixed  saltan 

Hence  there  are  carried  off,  by  respiration  and  transpiration,  5*5 
ounces  of  carbon,  0-75  of  hydrogen,  and  1-62  of  nitrogen. 

This  quantity  of  carbon  and  hydrogen  is  much  less  than  is  gene- 
rally supposed  to  be  carried  off  by  the  lungs;  and  with  respect  to  the 

\  [This  is  entirely  opposed  to  the  cxpcrienoe  of  Lehmann,  who  states  that  Ihd  fisoea  of  dia- 
bgic  patients  fiequently  yield  a  mere  trace  of  nitrogen.    LehibuchdcrphysiologisdKnChemie, 


FiBCSS.  581 

nitrogen,  although  we  may  assume  that  some  is  carried  off  by  the 
skin,  the  disproportion  is  still  Very  great.  An  accurate  examination 
of  the  expired  aiir  might  throw  much  light  on  this  obscure  and 
remarkable  morbid  process. 

[I  am  indebted  to  Dr.  Percy  for  the  following  analyses  of  diabetic 
fseces: 

1.  <'  Faeces  of  a  boy  aged  7  years.  It  was  found  impossible  in 
this  case  to  enforce  a  rigid  system  of  animal  diet,  so  that  we  may 
regard  these  faeces  as  the  fseces  of  diabetes  unchecked  or  modified  by 
treatment  They  were  hard,  and  not  of  the  natural  consistence  of 
health. 

1st  Analyss:  5-44  gn.  gave— of  HO  3-35  or  H  6*839  of  CO,  8-76  or  C  43-94f. 
2d  Analysu :  4-72  gra.  gmye—  of  HO  3K)1  or  H  7-(K)},  of  CO,  7-58  or  C  43-79g. 
Indneratiao :  30-76  grs.  g&iw— of  arii  6-18,  or  2(H)9]^ 

Mean— C  •  43-86^ 

H       •  •  •  6-96  f  |(i(wyA 

N&O  •  •  29K)9  H^W 

Adi    •  •  •  S(H)9j 

The  proportion  of  saline  matter  is  here  much  greater  than  usual, 
and,  doubtless,  depended  upon  constipation. 

The  fat  taken  up  by  ether  amounted  to  16*16^  of  the  dried  faeces. 

2.  "  The  faeces  of  a  man  (Flint)  aged  48  years,  who  was  labouring 
under  diabetes  of  long  standing.  He  was  restricted  principally  to 
animal  food,  a  small  quantity  of  bread  only  being  allowed.  Con- 
sistence moderate.  This  analysis  was  executed  under  my  own 
supervision  by  my  former  pupil,  Mr.  Stallard. 

1st  Analysis:  8-22  gra.  ga^-of  HO  5^1  or  H  7-58»,  of  CO,  16-43  or  C  54-51  J. 
2d  Analysis:  8-57  gra.  ga^e-of  HO  5-84  or  H  7-57i|,  of  CO,  17-03  or  C  54-20j|. 

The  nitrogen  was  determined  by  Wills*s  method. 

Nitrogen:  6-29  grs.  ga^re— of  metallic  platinum  5*33  gxa,  which  corre^nds  to  1201 S  of 
nitrogen. 
Incineration:  61-01  gn.  gafe  of  adi  5-71,  or  9-36g. 

Mean—C      ....    54-35 
H     . 


O      . 

N 
Aih  . 


12-01 
.      9-36 

Proximate  Analysis: 


7-57 
1&71  VlOOXM) 


Stibstances  tolnble  in  ether 

alcohol 
"  water 

Oiganic  matter,  insohifale  in  these  menstrua 
Aih  -  -  -  - 


2200^ 
11-13  I 

12O2}.l00K)0 
45-49  1 

3.  "FsEces  of  the  same  individual  some  weeks  afterwards,  while 
taking  about  three  ounces  of  fat  bacon  daily,  in  addition  to  his  usual 
animal  diet  It  was  evident  after  drying,  that  these  faeces  abounded 
in  fat  from  their  appearance  on  the  application  of  heat  It  was  im- 
possible to  reduce  them  per  se  to  fine  powder. 

1st  Anaiyas:  5-06  gre.  gave— of  HO  4-22  or  H  9-22g,  of  CO,  1 1-20  or  C  60-36|. 
2d  Analysis:  6-28  grs.  gave-  of  HO  &25  or  H  9^1f,  of  CO,  13-89  or  C  60-32)1. 
Indneratioo:  55-93  gre.  gave— of  ash  7  40,  or  13*231. 
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Mean— C  •    60-34 


•C        .  .  ,  60-341 

H       .  .  .  9«5  ( 

N&O  •  .  1M8  f 

Aah    .  .  .  l^^J 


lOOOO 


Ether  took  up  a  quantity  of  fat  amounting  to  51*55§  of  the  dried 
faeces. 

4.  << Faeces  of  the  same  individual  a  few  weeks  afterwards,  while 
restricted  to  an  animal  diet  of  the  lean  of  meat:  as  far  as  it  was 
practicable  all  fat  was  removed. 

Jit  Analyds:  7-06  gn.  gave— of  HO  &05  or  H  7-g5(,  Go,  13-72  or  C  53-00^. 
2d  Analyau:  6-(J2  gra.  gmve— ofHO  4-77  or  H  8-OOf,  CO,  12-93  or  C  53-27|. 
iDcmentioD:  16-61  gra.  gave— of  adi  2-96,  or  17-60g. 

Mean— C 


C        .  .  .  63-091 

H       .  .  .  7-97  f 

N  &  O  .  21-34  f 

AA    .  .  .  17-60J 


lOOOO 


5.  "  Faeces  of  a  man  (Roberts*)  between  30  and  40  years,  labour- 
ing under  diabetes  of  some  standing.  Diet,  exclusively  animal,  with 
the  exception  of  a  small  quantity  of  bread. 

lit  Analym:  4-53  gra.  gave- HO  307  or  H  7-53S,  CO,  7-64  or  C  45-99;. 
2d  Anal^:  5*33  na.  gave— HO  3-67  or  H  7-65Jf ,  CO,  &92  or  C  45^54;. 
Incineration:  50-64  gra.  save— of  adi  10-77,  or  21-J8J. 

Mean— C  .        .    45*81') 

N&6  ;   25^2  r^^^^^^ 

AA    .        .        ,    2HBJ 

6.  ^<  Faeces  of  the  same  individual,  some  weeks  afterwards,  while 
on  a  mixed  diet  At  this  time  also  he  was  much  emaciated  and 
exhausted,  in  consequence  probably  of  having  been  obliged  to  work, 
and  to  subsist  on  a  mixed  diet. 

let  Analysis:  5  13  gra.  gave— of  HO  3-36  or  H  7-28g,  CO,  8-63  or  C  46  88g. 
2d  Analysis:  4-86  gra.  gave— of  HO  318  or  H  7-27i,  CO,  8-21  or  C  46  07J. 
Incineration:  32*31  grs.  gave— of  aah  7-14,  or  22-1 0{. 

Mean— C        .        .        .    45-97  "J 

ti&,6       !        !    24-66  flOOOO] 
Ash    .        .        .    22-lOj 

In  dysentery  the  stools  are  thin,  contain  flocculent  mucus,  and  are 
either  almost  colourless  or  milky,  (d3^senter.  catarrh.)  or  they  are 
coloured  red  by  blood  (dysenter.  inflammat.)  According  to  Schoo- 
lein  they  possess  a  peculiar  smell  quite  characteristic  of  the  disease. 

On  examining  the  white  or  slightly  coloured  mucous  fluid  under 
the  microscope,  we  observe  numerous  mucus-corpuscles  floating  about 
in  it:  the  red,  sanguineous  discharges  also  contain  an  extraordinary 
number  of  mucus-corpuscles,  numerous  blood-corpuscles,  but  no  (or 
very  few)  epithelium-scales. 

We  sometimes  And  pseudo-membranous  portions  of  exuded  plastic 
lymph  mixed  with  the  stools,  especially  in  the  most  inflammatory 
forms  of  the  disease, 

1  Roberts'  case  has  been  pubUshed  in  the  Medical  Gazette.  He  has  ainoe  died,  and  die 
aequel  will  shortly  appear,  together  with  the  cases  of  the  dM  aflected  with  dxabetesj,  and  of  the 
other  patient  Flint. 


F£CES.         ^  583 

In  typhous  diarrhoea  the  motions  are  frequently  very  bulky,  of  a 
chocolate  colour,  frothy,  mixed  with  black  dissolved  blood,  and  not 
giving  off  the  peculiar  odour  of  dysenteric  evacuations,  but  rather  a 
cadaverous  smell.  In  bilious  diarrhoea  the  bile-pigment  is  mixed 
with  the  fluid  motions,  which  are  less  copious  than  in  the  former  case. 

In  enteritis  mucosa  the  stools,  especially  those  which  are  discharged 
during  the  night,  are  thin,  and,  in  addition  to  the  mucus  and  faecal 
matters  coloured  yellow  by  bile-pigment,  contain  a  peculiar  floccu- 
lent  mass,  like  exuded  lymph,  which,  on  more  accurate  examination, 
seems  to  consist  of  purulent  and  fatty  matter.  Blood  is  likewise 
sometimes  found  in  these  stools. 

In  abdominal  typhus  the  stools  are  very  characteristic;  in  the  first 
stage  they  do  not  differ  very  much  from  the  normal  state;  they  are 
sometimes  very  firm,  sometimes  very  thin  and  watery.  In  a  more 
advanced  stage  of  the  disease,  they  separate  when  shaken  in  a  glass 
vessel  into  two  strata;  the  lower  one  forms  a  slightly  yellow  floccu* 
lent  mass,  while  the  upper  one  is  composed  of  a  cloudy,  whey-like 
fluid.  On  examining  the  flocculent  material  under  the  microscope, 
1  found  that  it  was  composed,  for  the  most  part,  of  small  lumps  of 
mucus  or  pus,  of  an  amorphous  yellow  matter — probably  coagulated 
albumen  with  bile-pigment,  of  a  comparatively  small  quantity  of  epi- 
thelium, and  sometimes  of  extremely  numerous  and  beautifully  formed 
crystals  of  ammoniaco-magnesian  phosphate,  such  as  are  depicted  in 
fig.  27:  sometimes  we  find,  as  also  in  phthisis  intestinalis,  small  white 
masses  about  the  size  of  a  millet,  or  half  as  large  as  a  hemp-seed; 
they  are  easily  triturated,  and  then  have  a  greasy  appearance;  when 
examined  under  the  microscope  they  appear  to  be  composed  of  cells 
similar  to  primary  cells,  or  what  are  called  the  globules  of  inflamma- 
tion. The  contents  of  these  spherical  cells,  which  are  enclosed  in  a 
very  delicate  membrane,  are  coarsely  granulated  and  escape  on  the 
least  pressure. 

In  some  of  the  larger  parent  cells,  I  found  smaller  cells  with  nuclei. 
I  dried  a  portion  of  the  flocculent  precipitate;  on  incinerating  the 
residue  I  obtained  32  §  of  salts,  of  which  nearly  one  half,  namely, 
14'6  were  earthy  phosphates. 

The  whey-like  fluid  which  is  above  the  sediment,  is  usually  tole- 
rably rich  in  albumen.  It  coagulates,  or  at  any  rate  becomes  turbid 
on  the  application  of  heat  or  nitric  acid.  In  most  cases  it  has  a  strong 
alkaline  reaction,  and  contains  alarce  amount  of  carbonate  of  ammo- 
nia, which  frequently  interferes  with  the  action  of  heat  on  the  albu- 
men. 

In  some  cases  I  observed  that  a  beautiful  rose-red  tint  was  pro- 
duced by  the  addition  of  nitric  acid,  of  which  I  shall  speak  more 
fully  in  my  observations  on  the  stools  in  cholera.  Typhus  stools 
are  sometimes  tinged  with  blood. 

In  melaena  blackish  pitchy  blood  is  mixed  with  the  faeces,  which 
sometimes  consist  entirely  of  that  substance.     I  have  previously  de- 
scribed the  peculiarities  of  the  blood.     (See  p.  259.) 
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In  catarrhus  iniestinor.  the  intestinal  mucous  membrane  acts  rery 
much  the  same  as  the  mucous  membrane  of  the  respiratory  organs 
in  pulmonary  catarrh,  llie  secretion  is  at  first  checked,  then  very 
much  increased,  and,  finally,  after  secreting  thick  and  tough  mocos, 
returns  to  its  normal  condition. 

In  simple  diarrhoea  a  thin  muco-aqueous  yellow,  or  yellowish-browD 
discharge  follows  the  evacuation  of  the  true  faeces. 

In  bilious  diarrhosa  the  stools  are  also  liquid,  but  they  are  generally 
of  a  greenish  colour,  and  possess  so  strong  an  acid  reaction  as  to  pro- 
duce excoriation  of  the  anus. 

In  dysenteric  diarrhoea  a  large  quantity  of  gray  or  greenish  mucus 
tinged  with  blood,  is  discharged.  In  diarrhoea  lactantium,  masses 
are  discharged  which  are  not  unlike  chopped  eggs:  they  have  a 
strong  acid  odour,  and  exert  a  corroding  effect  on  the  vicinity  of  the 
anus. 

In  Asiatic  cholera  it  is  well  known  that  an  extraordinary  quantity 
of  watery  fluid  is  discharged  by  the  intestines. 

Dulk  found  that  the  evacuations  in  cholera  had  an  alkaline  reac- 
tion, that  they  contained  albumen,  and  that  they  were  entirely  de- 
void of  the  oniinary  odour  of  faeces: 

Hermann,^  on  the  contrary,  found  that  they  had  an  acid  reaction, 
and  resembled  the  vomited  matter,  in  which  he  detected  free  acetic 
acid.  The  ordinary  reaction  of  the  stools  in  cholera  is,  however, 
alkaline,  and  this  was  observed  in  a  very  severe  case  of  sporadic 
cholera  that  fell  under  my  own  observation. 

According  to  Vogel's  observations,  the  stools  in  this  disease  re- 
semble turbid  whey:  the  fluid  has  a  powerful  alkaline  reaction,  and 
effervesces  on  the  addition  of  an  acid.  On  distilling  a  portion  of 
the  fluid  he  obtained  in  the  receiver  a  liquid  with  an  alkaline  reac- 
tion, and  having  a  fishy  odour.  On  the  addition  of  nitric  acid  this 
liquid  assumed  a  beautiful  red  tint,  which  it  retained  during  evapora- 
tion. The  fluid,  when  concentrated,  had  an  intense  red  colour,  but 
was  devoid  of  odour,  which  only  became  again  apparent  on  neutralizing 
the  free  acid  by  an  alkali. 

The  portion  that  remains  in  the  retort  after  the  distillation  of  the 
fluid  contains  traces  of  albumen,  some  intestinal  mucus,  the  ordinary 
salts  of  the  animal  fluids,  and  a  large  amount  of  carbonate  of  soda. 

Wittstock's  researches  respecting  the  faecal  discharges  in  cholera, 
coincide  in  most  points  with  those  of  Vogel:  he  observed  the  beau- 
tiful rose-red  tint  that  was  produced  by  the  addition  of  nitric  acid, 
and  he  ascribed  it  to  the  presence  of  a  urate;  it  is  however  known, 
that  the  formation  of  purpurate  of  ammonia  or  murexid  from  uric 
acid,  requires  a  greater  degree  of  concentration  of  the  reacting  sub- 
stances, and  a  heightened  temperature. 

The  faeces  of  a  woman  who  had  a  very  severe  attack  of  sporadic 
cholera,  (whose  blood  and  urine  I  likewise  analyzed,)  formed  a  tur- 
bid and  colourless  fluid,  which  had  a  strong  alkaline  reaction,  and  ef- 

>  Poggend.  Aimako,  toL  22,  p.  161. 
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fervesced  on  the  addition  of  acids,  giving  off  carbonic  acid  and  sul- 
phuretted hydrogen,  which,  in  all  probability,  arose  from  carbonate 
of  ammonia  and  sulphuret  of  ammonium  (hydrosulphate  of  ammonia.) 

When  allowed  to  stand  for  some  time  it  formed  a  sediment,  which 
consisted,  for  the  most  part,  of  mucus-corpuscles,  with  some  crystals 
of  ammoniaco-magncsian  phosphate.  No  epithelium  cells  were  ob« 
served.  On  treating  the  fluid  with  nitric  acid,  effervescence  took 
place,  and  flocculi  of  coagulated  albumen  separated  themselves; 
moreover,  the  fluid  in  a  short  time  became  of  a  rose-red  colour, — a 
phenomenon  that  was  induced  more  rapidly  by  gentle  warmth:  when 
strongly  heated  for  some  time  the  colour  entirely  disappeared.* 

The  quantitative  analysis  of  the  faecal  discharge  in  this  case  gave 
the  following  results,  calculated  for  1000  parts: — 

Analysis  15*3. 

Water            -            -           -      '      -           -  980-00 

Solid  oonstituentB        ....  20K)0 

Fat 0K)8 

Extractive  matter    -           .           -           -  4-80 

Albumen  and  mucus          ...  0*52 

Chloride  of  sodium,  lactate  and  acetate  of)  13.40 

soda,  and  alkaline  phosphates       -  ) 

Phosphatcsof  lime  and  magnesia    -            >  0-60 

This  analysis  bears  out  the  result  of  the  investigation  of  the  bloody 
given  in  page  266. 

Landerer'  has  analyzed  the  feecal  evacuations  of  a  child  suffering 
from  diarrhoea  infantilis.  It  was  a  yellow  fluid,  with  an  acid  and 
bitter  taste,  and  its  specific  gravity  was  1038*2.  Landerer  found  in 
it:  carbonate  of  lime  1'50;  phosphate  of  lime  2*00;  chloride  of  cal- 
cium 1'50;  chloride  of  magnesium  2'45;  chloride  of  sodium  2.43; 
sulphate  of  lime  l*50j  sulphate  of  magnesia  0-80;  bilin,  butyric  acid, 
and  extractive  matter  3-00;  spirit  extract  100;  free  lactic  and  hydro- 
chloric acids  lOO. 

In  enterophthisis,  the  faecal  evacuations  likewise  separate  into  two 
strata:  the  lower  is  flocculent,  and  when  examined  under  the  micro- 
scope is  seen  to  consist  of  mucus-  or  pus-corpuscles  mingled  with 
remnants  of  food,  or  with  an  amorphous  mass  tinged  with  pig- 
ment Sometimes  we  find,  in  the  deposit  from  these  evacuations, 
small  white  or  yellow  masses,  which  consist  of  cells,  and  can  be  easi- 
ly crushed  (such  as  I  have  already  described  in  speaking  of  the  eva- 
cuations in  typhus,)  and  mixed  with  them  there  are  numerous  fat- 
vesicles.  A  little  blood  is  not  unfrequently  observed  in  these  stools; 
they  then  have  a  chocolate  or  dark  blood-red  tint.  The  supernatant 
fluid  is  turbid,  and  of  a  yellow,  brown,  or  bloody  tint;  it  always  con- 
tains a  considerable  amount  of  albumen. 

In  icterus  the  faeces  are  generally  devoid  of  all  the  constituents  of 

'  [In  an  examinatioD  of  the  fioops  in  cholera,  instituted  by  Heller,  (Archiv  i.  p.  18,)  a  similar 
rpaction  was  observed.  The  exact  nature  of  the  change  that  the  bile-pigment  undergoes  in 
such  cases  is  not  cleariy  understood.] 

>  Journal  t  prakt  Chemie,  1841,  vol  17,  p^  62. 


585 


THE  EXCRSTI0N8. 


the  bile:  they  arc  consequently  of  a  white  or  grayish  white  colour; 
they  are  usually  very  firm,  and  deficient  in  moisture. 

[I  am  indebted  to  Dr.  Percy  for  the  following  ultimate  analysis  of 
the  fasces  in  jaundice. 

A  young  woman  affected  with  jaundice  in  a  mild  form,  depending 

Erobably  on  functional  derangement  of  the  liver.     The  faeces  were 
rown,  and  not  clay-coloured,  as  in  severe  jaundice. 

in  AiialYM-&59  gxi.  gave  of  MO  3-66  or  H  7-27$,  CO.  9-69  or  C  5W2}. 
9d  Analyii»-^12  gn.  gave  of  HO  3-37  or  H  7-31 1,  CO.  9H»  or  C  51-61 1. 
Indnenitioa— 28-18  gra.  gave  of  ash  3-41  gr&,  or  12-101. 

Mean—C 51-51 -j 

N&o :    :    :    :  i^^M^ooo-i 

Aflh        ....    12-lOj 

A  physician  of  this  city  sent  me  a  white,  roundish,  easily  com- 
pressible mass,  resembling  caseous  matter,  which  had  been  evacuated 
after  an  ordinary  motion,  by  a  lady  who  was  suffering  from  bilious 
sensations.  When  observed  under  the  microscope,  this  substance, 
which  emitted  a  rather  disagreeable  odour,  was  found  to  be  com- 
posed of  an  extraordinary  quantity  of  fat  arranged  in  a  structureless, 
albuminoid  mass;  no  tissues  or  cells  were  detected.  The  mass,  when 
heated,  gave  off  a  very  strong  odour  of  butyric  and  acetic  acids:  it 
melted  and  burned  with  a  clear  flame.  Alcohol  extracted  a  very 
large  amount  of  fat,  consisting  of  margarin,  olcin,  and  butyrin,  with 
their  acids,  which  partially  separated  on  cooling.  In  the  separated 
flocculi  I  detected,  with  the  aid  of  the  microscope,  crystals  of  mar- 
garic  acid,  but  none  of  cholesterin.     After  the  evaporation  of  the 

>  Tho  following  table  ahows,  at  a  glance,  the  results  of  the  prooeding  ultimate  analyses: 
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alcohol,  water  dissolved  some  butyric  and  acetic  acids  from  the  re- 
sidue. 

The  portion  insoluble  in  alcohol  was  digested  for  a  considerable 
time  in  dilute  acetic  acid,  and  was  precipitated  from  this  solution  by 
ferrocyanide  of  potassium. 

Water  did  not  extract  any  matter  that  was  precipitable  by  the  last 
named  reagent 

On  incineration  a  considerable  amount  of  ash  was  left  which  had 
an  acid  reaction,  did  not  effervesce  with  acids,  and  consisted  almost 
entirely  of  earthy  phosphates;  it  contained  no  sulphates. 

Calomel  stools. 

In  certain  morbid  conditions  of  the  system  calomel  is  frequently 
given  in  considerable  quantity;  its  administration  is  succeeded  by 
numerous,  very  green,  bilious  stools.  I  endeavoured  to  determine 
by  an  experiment  whether  the  bile  and  its  pigment  is  the  actual 
cause  of  the  colour  of  these  evacuations.  The  fifth  stool  that  was 
passed  after  the  administration  of  a  large  dose  of  calomel,  was  made 
the  subject  of  the  analysis.  It  was  fluid,  perfectly  green,  had  no 
faecal  odour,  exhibited  a  mild  acid  reaction,  and  showed,  under  the 
microscope,  a  great  number  of  mucus-corpuscles  and  epithelium-cells. 
On  evaporation  it  gave  off  an  odour  resembling  that  of  saliva  or  ex- 
tractive matter  under  similar  circumstances.  Ether  extracted  from 
the  solid  residue  a  considerable  amount  of  fat  which  had  an  acid  re- 
action, contained  cholesterin,  and  was  covered  with  biliverdin.  All 
other  substances  which  were  separated  from  it  by  water  and  alcohol 
were  more  or  less  coloured  by  bile-pigment. 

Bilin  with  bilifellinic  acid  and  biliverdin  were  found  in  large 
quantity;  by  digestion  with  sulphuric  acid  the  bilin  became  entirely 
converted  into  biliary  resin.  From  a  quantitative  analysis  it  ap- 
peared that  100  parts  of  the  solid  residue  of  this  evacuation  were 
composed  of: 

Analyiii  153. 
Green  hi  containing  cholesterin  ......        1(H) 

Salivary  matter  soluble  only  in  water,  and  slightly  precipitated  by  tannic  acid  and 
acetate  of  lead         -  -  -  -  --  -  -        24'3 

*Bilin  with  bilifellinic  acid  and  biliverdin,  cdlcctivcly  aolubie  in  anhydrous  alcohol        21*4 
Extractive  matter  soluble  in  spirit        -  -  -  •  -  -11*0 

Albumen,  mucus,  and  epitbcbum-scales  -  -  -  -  -        17*1 

Salts  .........        12^ 

KXH) 

Various  attempts  that  I  made  (by  Smithson's  method)  to  detect 
mercury  in  calomel-stools  proved  unsuccessful. 

[Dr.  Golding  Bird  has  published  an  analysis  of  the  green  evacua- 
tions so  frequently  observed  in  children.  The  specimen  examined 
by  him  "was  passed  by  a  hydrocephalic  infant  whilst  under  the  in- 
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floenee  of  mereniy,  ind  presected  the  fonowing  eharactcn.  It  wis 
a  Airty-zyftxi  tnrhid  flaid  which,  br  repooe  in  a  ^aas  iublL  wepsntaA 
into  three  rery  distloct  portions; — 1,  a  supemataat  fluid,  of  oil-IHe 
connttfitkee,  presenting  a  brilliant  emerald-green  colour;  2,  a  dense 
stratum  of  macus,  coaculated  albumen,  and  epithelial  debn^  mixed 
with  red  particles  of  btood ;  3,  a  deposit,  occapjing  the  lower  part  of 
the  Teasel,  of  brge  crystals  of  ammoniaco-magnesbn  phoapbate,  in 
fine  prisms  of  an  apple-green  colour. 

The  supernatant  emerald-green  fluid  was  decanted  for  examinatioD. 

A.  It  was  faintly  alkaline,  possessed  a  broth-like  odour,  and  a 
density  of  1020. 

B.  The  addition  of  a  few  drops  of  nitric  acid  did  not  alter  the 
colour,  even  after  ebullition.  A  larger  quantity  of  the  acid  being 
added  whilst  the  mixture  was  boiling,  converted  the  emerald-green 
colour  into  a  pinkish-yellow;  the  green  colour  was  not  restored  by 
the  subsequent  addition  of  an  alkalL 

c.  Acetic  acid  scarcely  afiected  the  green  fluid,  producing  no  ap* 
parent  coagulation  of  mucus. 

p.  A  solution  of  acetate  of  lead  threw  down  a  copious  grayish- 
green,  tenacious  precipitate,  leaving  the  supernatant  fluid  colourless. 

X.  Bichloride  of  mercur}'  product  a  light-green  precipitate,  leaving 
the  supernatant  fluid  pale,  but  not  decolorizing  it 

It  was  analyzed  in  the  following  Inanner: 

1.  1000  grains  of  the  green  fluid  left,  by  careful  evaporation,  a 
deep  olivc-grccn,  highlv  deliquescent  extract,  weighing  100  grains,  t 

2.  This  extract,  on  being  immersed  in  alcohol  of  -837  formed  a 
mass  like  birdlime,  which  could  not  be  mixed  with  the  spirit.  Even 
after  long  boiling,  it  appeared  hardly  to  diminish  in  bulk.  The  clear 
tincture  being  decanted,  left,  however,  an  extract  weighing  30  grains. 
This  residue  possessed  the  yellowish-green  colour  of  faded  leaves,  an 
odour  of  fresh  broth  and  a  sweet  sub-astringent  taste,  with  a  very 
slight  admixture  of  bitterness. 

3.  The  alcoholic  extract  being  carefully  incinerated,  left  5*5  grains 
of  Ash,  consisting  chiefly  of  chloride  of  sodium  mixed  with  mere 
traces  of  trlbasic  phosphate  of  soda  (3NaO,  PO^)  It  was  alkaline, 
but  did  not  eflervesce  with  acids. 

4.  The  portion  left  undissolved  by  boiling  alcohol  yielded  to 
water  13  grains  of  nearly  tasteless  matter  which,  by  incineration, 
left  a  powerfully  alkaline  ash  weighing  1*75  grains,  not  efiervescing 
with  acids,  and  consisting  nearly  exclusively  of  alkaline  tribasic  phos- 
phate of  soda. 

5.  The  residue  insoluble  both  in  water  and  alcohol  weighed  57 
grains,  and  consisted  almost  entirely  of  coagulated  albumen,  dry 
mucus,  and  modified  blood.  It  left  by  incineration  one  grain  only 
of  ash,  consisting  almost  wholly  of  black-red  peroxide  of  iron. 

The  following  is  a  view  of  the  results  of  the  examination; 
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Water  and  volatile  matter 


24-50 
5-50 

11-25 
1-75 

5(H)0 

1-00 

90(H)0 


lOOOKX) 

The  organic  portion  of  the  alcoholic  extract  consisted  chiefly  of 
fatty  matter,  cholestcrin,  and  a  green  substance  probably  identical 
with  biliverdin;  with  these  were  traces  of  bile  barely  sufficient  to 
communicate  a  bitter  taste  to  the  extract,  and  in  too  small  a  quantity 
to  leave  any  carbonate  of  soda  in  the  residue  of  incineration.  The 
aqueous  extract  consisted  chiefly  of  ptyalin  and  the  extractive  matters 
comprehended  under  the  general  term  of  "extrait  de  viande,*'  by 
Berzelius.  The  composition  of  the  fluid  part  of  the  green  evacuation 
may  therefore  be  thus  expressed: 


Water 

Biliverdin,  alcoholic  extract,  fat,  chofesterin,  with  treoes  of  bile 

Ptyalin,  aqueous  extract  coloured  by  biliveidin 

Mucus,  coagulated  albumen,  and  hiematin 

Chloride  of  sodium,  with  traces  of  tribasic  phosphate  of  soda 

Tribesic  phosphate  of  soda       .... 

Peroxide  of  iron  ..... 


900<N) 

24-GO 

1125 

5&00 

5-50 

1-75 

1*00 


^  lOOOOO 

Professor  Kersten  of  Freiberg  has  recently  published  a  paper  on 
the  cause  of  the  green  evacuations  observed  after  a  course  of  the 
Marienbad  waters  for  fifteen  or  twenty  days. 

The  occurrence  of  these  evacuations  is  regarded  as  critical  and 
highly  favourable.  Kersten  denies  that  the  tint  is  in  any  degree  de- 
pendent on  the  presence  of  bile,  and  ascribes  it  to  the  formation  of 
green  sulphuret  of  iron. 

In  the  paper  referred  to,  he  first  shows  that  on  the  addition  of  very 
dilute  hydrochloric  acid  to  an  evacuation  of  this  nature  diluted  with 
thrice  its  weight  of  water,  there  is  a  development  of  sulphuretted 
hydrogen,  indicating  the  presence  of  a  metallic  sulphuret;  moreover, 
on  the  addition  of  ferrocyanide  of  potassium  to  the  filtered  acid  so- 
lution a  bright  blue  precipitate  is  observed,  which  becomes  darker 
after  exposure  to  the  air,  indicating  the  existence  of  protoxide  of 
iron.  This  experiment  shows  that  the  green  pigment  is  destroyed 
or  decomposed  by  dilute  hydrochloric  acid,  and  further,  that  it  is  a 
compound  of  sulphur  and  iron.  He  accounts  for  the  presence  of  the 
sulphuret  of  iron  in  this  way.  The  sulphate  of  soda  present  in  the 
water  is  reduced  in  the  stomach  to  a  sulphuret  of  sodium  by  the  de- 
oxidizing power  of  the  organic  matters  with  which  it  is  in  contact, 
aided  by  a  temperature  favourable  to  such  a  change.  The  bicarbo- 
nate of  iron  in  the  water  is  decomposed  at  the  temperature  of  the 
stomach,  and  the  iron  precipitated  either  as  a  protoxide  or  as  a  hy- 
drated  peroxide,  and  immediately  redissolved  by  the  free  acid  of  the 
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gastric  juice.     This  reacts  on  the  sulphuret  of  sodium,  and  sulphuret 
of  iron  is  the  result 

Since  the  publication  of  Kersten's  paper,  a  very  similar  view  has 
been  propounded  by  Dr.  Bley,  namely,  that  the  green  evacuations 
observed  after  the  use  of  calomel  are  dependent  not  on  the  presence 
of  bile,  but  of  sulphuret  of  mercury.  Unfortunately  for  this  theory 
the  mercury  cannot  be  detected  by  analysis,  and  Pettinkofer's  test 
reveals  the  presence  of  bile. 

Dr.  Frankl  has  published  a  paper  containing  various  arguments  in 
opposition  to  Kersten's  views,  and  criticising  his  conclusions. 

berzelius,  on  the  other  hand,  writes  thus:  "It  never  entered  my 
mind  to  suspect  that  this  coloration  arose  from  sulphuret  of  iron,  but 
I  always  believed  that  it  might  be  attributed  to  the  black  oxide  of 
iron.  It  is,  however,  quite  natural  that  as  sulphuretted  hydrogen  is 
usually  produced  during  the  progress  of  digestion,  the  oxide  of  iron 
present  in  the  intestinal  canal  should  be  reduced  to  a  sulphuret,  no 
matter  whether  sulphates  have  been  given  or  not" 

Berzelius  renders  Kersten's  view  more  general,  observing  "that 
every  chalybeate  water,  whether  it  contain  sulphates  or  not,  pro- 
duces a  similar  appearance  in  the  evacuations."  On  this  Kersten  re- 
marks: that  ^Hhe  coloration  may  be  most  intense  when  sulphates 
are  present,  because  by  their  decomposition  during  digestion  an  ex- 
cess of  sulphuretted  hydrogen  will  be  generated."] 

Vomitus,     {Matters  discharged  by  vomiting.) 

It  is  well  known  that  the  fluid  which  is  found  in  the  stomach,  and 
which  is  a  mixture  of  gastric  juice,  saliva,  and  remnants  of  food,  be- 
comes much  changed  in  its  properties  in  certain  morbid  conditions 
of  the  system,  I  need  scarcely  refer  to  the  excess  of  free  acid,  and 
to  the  presence  of  bile  in  certain  conditions  of  the  stomach.  On  the 
occurrence  of  the  latter  of  these  states  we  usually  observe  a  separation, 
or  peeling  ofi*,  of  the  upper  stratum  of  epithelium-scales  from  the  tract 
of  mucous  membrane  between  the  pharynx  and  the  stomach,  and  this 
condition  is  recognised  by  the  gastric  furred  tongue.* 

This  fur  or  coating  has  been  analyzed  by  Denis:  he  found  that 
one  half  consisted  of  phosphate  and  carbonate  of  lime,  the  other  half 
of  mucus. 

In  gastrodynia,  even  when  there  is  no  food  in  the  stomach,  the 
gastric  juice  is  secreted  in  such  an  acid  condition  as  to  set  the  teeth  on 
edge.  This  is  chiefly  caused  by  free  hydrocliloric  acid,  but  concen- 
trated lactic  and  acetic  acids  will  produce  the  same  effect 

In  gastritis,  colonitis,  enteritis,  and  peritonitis,  a  grass-green  liquid 
is  often  brought  up;  it  is  frequently  mixed  with  green  or  white  floc- 
cuH,  and  on  other  occasions  is  quite  clear;  it  almost  always  has  an 
acid  reaction,  and  usually  contains  a  considerable  amount  of  fat 

^  On  examining  tlie  thick  coating  of  the  tongue  in  cases  of  abdominal  typhus,  I  have  found 
that  it  is  composed  of  matted  epitheUiim  scales  o\er  which  minute  sponiles  are  scattered.  The 
sonks  from  the  teeth  exhibited  similar  characters. 
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I  analyzed  a  fluid  of  this  sort  that  was  vomited  during  peritonitis: 
it  had  a  greenish,  viscid  appearance,  and  contained  whitish  flocculi 
that  presented  an  amorphous  character  under  the  microscope.  It  did 
not  afiect  blue  or  red  litmus  paper;  on  the  addition  of  nitric  acid 
there  was  a  separation  of  white  flocculi,  and  the  fluid  became  flrst  of 
a  pale  blue  and  subsequently  of  a  reddish  tint  On  the  application 
of  heat  some  globules  of  oil  separated  themselves,  and  a  small  quan- 
tity of  albumen  became  coagulated;  it  contained  2*9^  of  solid  const!- 
tuents,  from  which  ether  took  u[\  a  yellow  liquid  iat  that  was  im- 
perfectly soluble  in  cold,  but  dissolved  easily  in  hot  alcohol;  it  con- 
tained a  little  cholesterin,  and  gave  ofi*  a  smell  like  that  of  a  fatty 
acid. 

Alcohol  took  up  extractive  matter  and  bilifellinic  acid,  which 
latter  could  be  separated  by  means  of  sulphuric  acid;  dilute  alcohol 
took  up  spirit-extract  with  a  little  bilifellinic  acid.  A  considerable 
amount  of  the  portion  that  was  insoluble  in  spirit  dissolved  in  water, 
and  was  again  precipitated  by  alcohol,  tannic  acid,  and  acetate  of 
lead.  The  precipitate  thrown  down  by  alcohol  was  soluble  in  an 
excess  of  water,  which  was  rendered  turbid  by  the  addition  of  acetic 
acid,  and  yielded  a  copious  precipitate  on  the  subsequent  addition  of 
ferrocyanide  of  potassium. 

As  the  ash,  after  incineration,  consisted  of  carbonate  of  soda,  I 
regarded  the  substance  insoluble  in  alcohol  as  an  albuminate  of  soda. 

The  quantitative  analysis  of  this  "vomitus  aeruginosus  seu  herba- 
ceus''  yielded  the  following  proportions  in  1000  parts: 

Analfsii  154. 
Water 971-0 

Solid  residue  -  -  •  -  . 

Fat  .  -  .  -  - 

Bilifellinic  acid,  aloohol-extract,  and  bile-pigment 
%>irit-extnict  with  a  little  bilifellinic  acid 
Albuminate  of  soda  ... 

Mucus  and  albumen  ... 

[Heller*  analyzed  a  brilliant  green  fluid  vomi 
man  aged  20  years,  suffering  from  peritonitis. 

In  quantity  it  amounted  to  about  three  ounces;  it  was  slightly  tur- 
bid, and  threw  down  a  considerable  sediment  which  was  viscid,  more 
of  a  yellowish  tint  than  the  supernatant  fluid,  and  consisted  of  epi- 
thelium-cells and  mucus-corpuscles. 

The  fluid  had  an  acid  reaction,  but  contained  neither  free  hydrochlo- 
ric nor  acetic  acid.  Its  specific  gravity  was  1006.  On  the  addition  of 
nitric  acid  it  first  became  blue,  and  afterwards  of  a  beautiful  carmine 
red.     It  contained  no  albumen. 

In  1000  parts  there  were  contained: 

Water           .......  990^ 

Solid  coDstituentB        ......  9^ 

Fat 0<i4 

Water-extract         ......  ]«30 

fiiliverdin  with  a  little  biliphsin  and  a  trace  of  alcohol-extract  5*38 

Fixed  salts 3-75 

>  Aichiv.  ToL  1,  [k  226. 
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The  salts  consisted  for  the  most  part  of  the  chlorides  of  sodium 
and  calcium,  associated  with  less  quantities  of  phosphate  of  soda,  sul- 
phate of  potash,  and  earthy  phosphates.  Urea  and  uric  acid  were 
sought  for  without  success. 

The  green  colour  seems  undoubtedly  due  to  the  presence  of  bili- 
verdin,  which  is  probably  formed  in  the  stomach  by  the  action  of  the 
acid  solution  of  hydrochlorate  of  lime  on  the  biliphaein.  Hence  the 
occurrence  of  green  vomiting  need  not  be  regarded  as  indicative  of 
any  peculiar  morbid  change.  ^ 

A  brief  notice  of  a  green  fluid  vomited  during  an  attack  of  spo- 
radic cholera,  may  be  found  in  vol.  1,  p.  18,  of  Heller's  Archiv.] 

Vomiius  with  urinary  constituents. 

It  is  stated  that  in  those  cases  in  which  the  formation  and  excretion 
of  the  urine  are  impeded,  its  constituents  are  discharged  with  vomited 
matters. 

Nysten^  and  Barruel  had  an  opportunity  of  analyzing  a  vomited 
fluid  which  contained  urea,  uric  acid,  and  the  ordinary  urinary  salts. 

[Dr.  Halliday  Douglas  has  reported  a  case  in  which  urea  was  de- 
tected in  the  vomited  fluid.  London  and  Edinburgh  Monthly  Jour- 
nal of  Medical  Science,  vol.  i.  p.  410.] 

Vomitus  in  carcinoma. 

In  carcinoma  of  the  stomach  a  fluid  is  vomited  which  deposits 
masses  of  chocolate  or  coflee-coloured  flocks  on  the  bottom  of  the 
vessel,  while  others  are  observed  on  the  surface  of  the  fluid.  On  ex- 
amining a  few  of  them  under  the  microscope,  we  observe  a  conside- 
rable quantity  of  large  rounded  cells  with  yellow  granular  contents, 
and  also  a  very  great  number  of  fat-vesicles,  some  lar^^er  and  others 
smaller,  than  the  cells.  Remnants  of  food,  and  especially  undigested 
starch-granules,  are  likewise  frequently  observed.  The  latter  may 
be  easily  mistaken  for  fat- vesicles,  but  moderately  strong  compres- 
sion causes  their  envelopes  to  break,  and  on  the  addition  of  a  solu- 
tion of  iodine  they  assume  a  blue  colour.  By  this  test  all  ambiguity 
is  avoided. 

[Dr.  George  Wilson  has  published  a  notice  of  the  chemical  and 
microscopical  characters  of  the  fluid  ejected  in  pyrosis — the  ordinary 
water-brash.  The  most  remarkable  of  these  is  the  appearance  of  a 
microscopic  cryptogamic  plant  {sarcina  ventriculi,)  and  of  acetic, 
lactic,  and  carbonic  acids  in  the  liquid.  The  first  case  in  which 
these  were  fouiid,  occurred  to  Mr.  Goodsir,  and  was  published  by 
him  in  the  ^Edinburgh  Medical  and  Surgical  Journal'  for  April, 
1842.  Since  that  period  a  case  has  occurred  in  the  practice  of  Mr. 
Benjamin  Bell  of  Edinburgh,  who  allowed  Mr.  Goodsir  and  Dr. 
Wilson  to  examine  the  fluid  ejected  by  his  patient,  in  which  the 
same  organism  and  acids  were  discovered;  and  Mr.  Busk,  of  the 

1  Joorn.  de  Chem.  Med.  1820,  Ser.  III.  p^  2^. 


VOMITUS.  593 

Dreadnought  hospital  ship^  Greenwich,  has  published  the  history  of 
three  cases  where  the  sarcina  presented  itself,  but  no  analysis  was 
made  of  the  fluids  in  which  it  appeared. 

On  examining  the  fluid  with  the  microscope,  Ihe  sarcina  is  found 
to  present  the  following  characters.*  In  every  instance  the  organ- 
isms  presented  themselves  in  the  form  of  square  or  slightly  oblong 
transparent  plates,  of  a  pale  yellow  or  brown  colour,  and  varying  in 
size  from  the  800th  to  the  1000th  of  an  inch.  They  were  made  up 
of  cells,  the  walls  of  which  appeared  rigid,  and  could  be  perceived 
passing  from  one  flat  surface  to  another  as  dissepiments.  These  dis- 
sepiments, as  well  as  the  transparent  spaces,  were,  from  compres- 
sion of  contiguity,  rectilinear,  and  all  the  angles  right  angles;  but  the 
bounding  cells  bulged  somewhat  irregularly  on  the  edges  of  the 
organism,  by  reason  of  the  freedom  from  pressure.  These  cir- 
cumstances gave  the  whole  organism  the  appearance  of  a  woolpack, 
or  of  a  soft  bundle  bound  with  cord,  crossing  it  four  times  at  right 
angles,  and  at  equal  distances.  From  these  very  striking  peculiari- 
ties of  form,  Mr.  Goodsir  has  proposed  for  it  the  generic  name  of 

SARCINA.* 

On  examining  the  ejected  fluid  in  the  case  recorded  by  Mr.  Good- 
sir,  it  was  found  to  possess  the  following  characters.  It  was  thick 
and  viscid  ;  on  standing,  it  deposited  a  large  quantity  of  ropy  matter 
mixed  with  portions  of  undigested  food,  and,  when  filtered  through 

f taper,  had  a  pale  brownish  yellow  colour,  and  was  quite  transparent 
t  still  contained  much  animal  matter  in  solution,  becoming  opaque 
and  flocculent  when  boiled,  and  giving  a  ver}^  copious  precipitate 
with  infusion  of  galls.  It  also  precipitated  nitrate  of  silver  densely, 
and,  when  evaporated  to  dryness  and  exposed  to  a  full  red  heat  in  a 
platinum  crucible,  left  an  ash  containing  much  chloride  of  sodium. 
It  reddened  litmus  powerfully,  and  efiervesced  sharply  with  alkaline 
carbonates.  It  continued  strongly  acid  aAer  being  twice  distilled, 
and  did  not  precipitate  nitrate  of  silver,  but  retained  the  sour  smell, 
which  could  now  be  recognised  as  identical  with  that  of  vinegar. 
On  neutralizing  the  twice  distilled  fluid  with  lime-water,  and  evapo- 
rating to  dryness,  a  salt  was  obtained,  which,  on  being  decom- 
posed in  a  tube-retort  with  sulphuric  acid,  yielded  a  volatile  odorous 
acid,  readily  identified  by  several  tests  with  the  acetic. 

It  was  found  by  several  trials,  that,  on  an  average,  an  ounce  of  the 
liquid  neutralized  0-4  grain  of  carbonate  of  potash;  a  quart  (32  oz.) 
would  therefore  neutralize  12.8  grains,  which  correspond  to  9  grains 
of  the  hydrated  (crystal lizable)  acetic  acid,  CJI^Og+HO.  The  liquid 
remaining  in  the  retort  continued  to  redden  litmus  powerfully  after 
all  the  acetic  acid  had  been  distilled  from  it.  This  was  traced  in 
part  to  the  presence  of  a  small  quantity  of  free  hydrochloric  acid ; 

*  The  reader  is  referred  to  the  *  Edinburgh  Mediral  and  Surgical  Journal  *  for  April,  1B42, 
fir  a  more  minute  description  of  the  sarcina,  and  a  detailed  account  of  the  chemical  analysis  of 
the  liquid  containing  it 

2  Sarcina,  a  peck  or  wool-pack. 
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but  it  was  chiefly  owins  to  the  existence  in  the  liquid  of  a  considerable 
proportion  of  lactic  acid.  The  most  remarkable  feature  of  this  case, 
m  a  chemical  point  of  view,  was  the  large  quantity  of  acetic  acid 
found;  the  quantity  of  liquid  ejected  at  once  by  the  patient  often 
amounted  to  more  Uian  two  quarts,  which  would  contain  18  grains  of 
acetic  acid.  In  Mr.  Bell's  case  the  chemical  characters  of  the  liquid 
were  very  similar.  An  additional  point  was,  however,  ascertained, 
namely,  the  presence  of  free  carbonic  acid  in  the  liquid.] 
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TBE  COMPONENT  PARTS  OF  THE  ANIMAL  BODY. 

TTle  Bones. 

The  bones  are  the  least  destructible  of  all  the  parts  of  the  organ- 
ism. Under  favourable  circumstances  they  remain  as  unchanged  as 
mere  inorganic  matter,  and  the  amount  of  cartilage  has  been  found 
unaltered  in  bones  three  thousand  years  old.^ 

The  external  surface  of  bone  is  surrounded  by  a  membrane  richly 
endowed  with  nerves  and  vessels — the  periosteum,  which,  as  well 
as  the  cartilaginous  portion,  can  be  converted,  by  boiling,  into  gelatin. 
The  interior  of  the  cylindrical  bones  is  lined  in  a  similar  manner; 
the  flat  and  short  thick  bones  are,  however,  filled  in  the  interior 
with  delicate  lamellse  arranged  so  as  to  present  a  cellular  appearance: 
in  the  flat  bones,  this  is  termed  the  diploe.  If  a  bone  is  suspended 
in  dilute  hydrochloric  acid  at  a  low  temperature,  all  the  earthy  mat- 
ter becomes  gradually  dissolved  and  the  mere  cartilage  remains,  re- 
taining the  precise  form  of  the  original  bone.  It  is  supple,  transpa- 
rent, and  soft,  but  on  drying  it  becomes  of  a  darker  colour,  hard,  and 
somewhat  contracted.  When  boiled  it  becomes  rapidly  converted 
into  gelatin,  leaving  the  fibrous  tissue  and  the  vessels  of  the  bone 
unacted  on.  These  vessels  may  be  exhibited  by  leaving  the  bone  in 
dilute  hydrochloric  acid  till  about  one  half  of  the  earthy  matter  is 
dissolved:  it  must  then  be  washed  with  cold  water,  and  afterwards 
kept  for  twenty-four  hours  in  water,  nearly  at  the  boiling  point 
The  cartilage  from  which  the  earthy  matter  has  been  removed,  is 
thus  dissolved,  and  numberless  minute  vessels  may  be  seen  issuing 
from  the  undecomposcd  portion  of  bone,  presenting  a  beautiful  white 

1  This  has  been  ohsenned  in  the  bones  of  human  and  animal  mmnmies  diacovieied  in  Effirp- 
tian  Bcpulchrcs.  Apjohn  and  8toke«  found  in  the  bones  of  an  extinct  gigantic  elk,  48^  of 
oidina^  cartilage,  combined  with  43*45  of  the  phosphates  of  lime  and  magnesia  with  fluoride 
of  cakrium,  and  9*1 4  of  carbonate  of  lime,  &c  In  the  teeth  of  an  Egnrptian  mummy,  Lasaigne 
found  2\>^  of  organic  matter;  and  in  the  teeth  of  a  fossil  bear,  14  df  cartik^  and  70  of  phos- 
phate of  hme.    GimbcmatpiepaiedanediblejcUy  from  the  bones  of  the  Ohio  mammoth. 
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velvety  appearance,  which  is  injured  by  the  least  motion.  If  the 
bone  when  immersed  in  dilute  hydrochloric  acid  is  exposed  to  heat, 
the  chemical  action  is  facilitated,  and  the  bone  develops  carbonic 
acid  and  separates  into  fibrous  lamellae,  divisible  in  a  longitudinal 
direction,  which,  if  they  are  sufliciently  thin,  possess  the  property  of 
polarizing  light  in  the  same  manner  as  mica. 

When  bone  is  submitted  to  thorough  incineration,  all  the  organic 
portion  is  destroyed,  and  there  remains  nothing  but  the  earthy 
matter  mixed  with  certain  salts  which  have  been  formed  during 
the  process  of  incineration,  such  as  alkaline  sulphates  and  carbonates, 
and  with  free  lime  formed  by  the  expulsion  of  the  carbonic  acid  from 
carbonate  of  lime. 

The  carbonate  of  lime  in  bone  is  just  the  same  as  the  natural  car- 
bonate of  lime;  the  phosphate,  on  the  other  hand,  consists  of  8  Ca  O 
+  3  PO^,  according  to  Berzelius;*  and  3  Ca  0  +  PO  ,  according  to 
Mitscherlich.  In  addition  to  these  salts  we  find  small  quantities  of 
phosphate  of  magnesia  and  fluoride  of  calcium,^  and  traces  of  the 
peroxides  of  iron  and  manganese^ 

[An  elaborate  treatise  on  the  Chemistry  of  Bone  has  been  recently 
published  by  Von  Bibra.     We  extract  the  following  analysis; — 

Male  FoBtui  at  ihe  G — 7th  month. 


Femur. 

Tibia. 

'■' '  ■-> 

Humerus. 

FfMxnhate  of  lime  with  barely  recognisable  traces  of)         c.«.j/. 
fluoride  of  cakarnn             -           -            -           .J         &-J4b 

53-46 

53-15 

Earthy  carbonates 3*06 

aio 

3H)6 

Phosphate  of  magnesia         ....             2*10 

2-00 

1-96 

Saltan 1-00 

1-07 

1-02 

Cartilage 40-38 

40-37 

40-82 

Fat              -           -                       ...          a  trace 

a  trace 

a  trace 

lOOKK) 

100-00 

lOOKK) 

Female  Fcetas  at  tho  7th  month. 

Uloa.        Radius. 

Scapula. 

Clavicnla. 

Phosphate  oflime  with  ^reiy  little  fluoride  of  caldom    57-63        57-67 

5713 

56-95 

Carbonate  of  lime              -            -            -            -      5-86          5-89 

609 

6-75 

Phosphate  of  magnesia      -           -           -           -      MO          0-99 

M2 

1-07 

Baits         - 0-60          0<)7 

0-62 

0-73 

Cartilage 34-78        34-08 

34-32 

34^ 

Fat 0-63         0-60 

0H2 

0-96 

'  [Bendius  repeated  the  analysis  of  the  salt  last  year,  and  found  that  its  ccxnposition  is 
rightly  expressed.  (Oefvosigt  af  KongL  Vat  Akad.  Forhandlingar,  1844,  No.  6;  or  LielHg*s 
und  Wohlei^s  Annalen,  Feb.  1845.] 

*  rTbe  presence  of  fluoride  of  calcium  in  bone  has  been  denied  by  Rees  (Phil.  Mag.  Jan. 
1840.)  liie  researches  of  Daubcny  and  Middleton  (Memoirs  and  Proceedings  of  the  Chomi- 
eal  Society  of  London,  voL  2,  pp.  97  and  134)  not  only  demonstrate  its  almost  constant  oocux^ 
lenoe  both  in  recent  and  fossil  boncB,  but  point  out  that  ordinary  water  is  the  vehicle  by,  which 
it  is  conveyed  into  the  system.  **  With  regard  to  the  statements  of  Rees,"  observes  Von  Bibrv, 
**  I  put  thm  to  the  proo^  and  found,  as  was  to  be  expected,  that  they  were  altogether  inconect 
I  used  in  these  experiments  the  human  femur,  humerus,  and  teeth.  On  treating  large  quanta 
ties  of  bone-earth  with  sulohuric  acid,  I  have  obtained  corroeioiis  on  glass  sufficiently  deep  to 
be  ielt  wifli  the  flngei^naiL  (Chcmischc  Untcrsuchungcn  iibcr  die  Knochen  und  Zahne,  p« 
103,  Schwemfmt,  1844.)] 

s  The  <* salts'*  in  the  analyses  of  Von  Bibra  are  the  salts  soluble  in  water. 
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AiaiCAL  BODT. 


Child  aged  t 


'I 


fboiphate  of  lime  with  a  litde  fluoride  of  caldnm    - 
CeiiionAte  of  lime  .... 

Plionhele  of  mignrdi       •  •  .  . 

BiOli         ...... 

Ctftikge 

Fit 


TibU. 
67'54 

1-03 

0-73 

33«6 


UlM. 

607 
1-00 
l-€5 
34-9S 
101 


Child  aged  9  montht. 


FhMphate  of  lime  widi  a 
litde  fluoride  ofcaldom 
Carbonate  of  lime 
Fhoiphate  of  raagnesa 
Salts 

Cartilage    ... 
Tat    ...       - 


\ 


Femur.  Humemff.    Tibia.     Badiaa.     Ulna. 
48-11      60-15      48-55      45-38      4806 


OoflU.    Seaimla. 
42-33     4261 


612 
0-97 
1-23 
41-71 
1-86 


6-13 
1-00 
1-30 
3d-53 
1-89 


579 
1-00 
1-24 
41-50 
1-92 


5-14 
093 
107 
45-65 
1-63 


6^ 
lOl 
1-24 
41-70 
1-79 


&00 
0-69 
1-09 
48^ 
2-15 


506 

MO 

48-36 

103 


A  child  aged  5  yeaiw. 

Femur.  Tibia. 

Phosphate  of  lime  with  a  litde  flnoride  )  kojqr  59*74 

of  calcium        .           .           -        J  ^^^^^  osr«« 

Cwbonateoflime            •           •             601  6O0 

Phonhate  of  magDMia    -                         1-24  1-34 

Balta       -                       '     m  '             0^  0O3 

Cartilage            -           .           -           31*28  31-34 

Fat         ...           .             0O2  005 


A  girit  aged  19  yean. 

, ^ , 


Femur. 

64*78 

lOOO 
1-34 
0«3 

3115 
1-00 


Humenia. 

64-84 

1042 
1'26 
0-79 

31-37 
0-92 


A  woman  aged  85  yean. 


Fttnur.  Tibia. 

Pboaphate  of  lime  wifli ) 

a  little  fluoride  of  V  57-42  57-18 

Carbonate  of  lime              802  803 

Phosphate  of  magueaia      1*70  1-70 

Salts       .            .             0-60  0H)1 

Cartilage             -            29-54  29-58 

Fat        -           .             1-82  2O0 


Fibula.  Humema.  Ulna.  Badiua.  Metacarpoa. 

67-39  58-03  67-52  67-38  67-77 

802  904  697  805  802 

1-63  1-59  1-71  1-72  1-58 

0-60  0-59  0-67  0-63  0^1 

29-49  2906  29-14  29-43  29-23 

1-97  1-09  1-99  1-89  1-89 


Oaoc- 
Clavicula.  dpilia. 

Carbonate  of  lime       -  8-88  8-75 

Phomhate  of  magnesia  1-69  1-69 

SaltoT          .              .  0-59  0O3 

Cartilage     -             -  30-66  2967 

Fat             -             .  1-83  1-40 


Coata. 

6201 

8-66 
1-40 
0-60 
3306 
237 


Btemum. 

4203 

7-19 
Ml 
0-50 
46-57 
2O0 


Oa  inno- 
Scapula.  Vertebrc.  minatuBL 

64*76    44-28        49-72 


8-58  B-00 

1-53  1-44 

0-51  0-53 

32O0  43-44 

1-73  2-31 


808 
1-57 
OOO 
38-26 
1-77 


A  nan  S5  or  30  yeara  of  age. 


Femur* 

^'?Sti!t^^'!?^*]  69-63 
bttle  fluoride  of  calcium  5 

Cubonate  of  lime       -  7-33 

Phoiphate  of  magnesia  1-32 

Salts              .           .  0O9 

Cartilage        .           .  29-70 

Fat               -           -  1-33 


Tibia. 
5805 

7-08 
1-30 
0-70 
30-42 
1-55 


Humerus. 
69«7 

7-76 
1-09 
0-72 
29-28 
1^ 


Ulna.       Oa  ooelpitii 
59-30         68-43 


7-35 
1-35 
078 
2906 
1*29 


8O0 
1*40 
000 
29-92 
1-35 


Coata. 

6506 

604 
1-07 
0O3 
3307 
204 


>  This  giri  died  from  phlebitis  thirteen  days  afler  the  operation  of  sn^potation  of  flie  upper 
arm  fcr  caries  of  the  elbow-joint 
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Femar  of  •  man  if  ed  58  yean. 


of  lime  with  fliunide  of 


fhonhate 
caKtmn 
Caibonftte  of  lime 
Phoaphaie  of  maffneftia 
8dti 
CaztilagD 


i 


Compact  lulMtaiice. 

Spongy  Kibetanee. 

-       58-23 

42^ 

8-35 

1-03 

0-92 

-       31-47 

19-37 
1-00 
0-99 

35-82 

Femur  of  a  womant 
aged  62  yean. 

Femorofa  woman 
aged  78  yean. , 

-        63-17 

57-36 

4-46 
1-29 
0-90 
28-03 
2-15 

7-48 
110 
0-97 
32-16 
0-93 

Phoiphate  of  lime  with  a  little  > 
flooride  of  calcium       -       j 
Caibooate  of  lime 
Phosphate  of  magDen    - 
Salti      .... 
Cartilage  ... 

Fat        -  -  -  - 

These  are  the  most  recent,  and  probably  the  most  accurate  of  any 
of  the  analyses  of  human  bone  yet  published.  We  may  omit,  from 
absolute  superfluity  of  matter,  the  researches  of  Schreyer,  Rees,  Thi- 
lenius,  Sebastian,  Davy,  Frerichs,  and  Stark,  which  refer  merely  to 
the  estimation  of  the  organic  and  inorganic  matters,  and  shall  tate  a 
brief  survey  of  the  more  perfect  analyses  of  bone. 

Berzelius  found  in  human  bone: 


Phosphate  of  lime 

51-04 

Fluoride  of  calcium 

2K)0 

Cazbonate  of  lime 

11-30 

Phosphate  of  magnesia 

1-16 

Soda,  with  a  little  chloride  of  sodium 

1-20 

CaitOage               ... 

32-17 

Veods     .... 

1-13 

Dr.  Thompson  found'  in  the  human  femur: 

A 

Phoepliate  of  lime        ... 

43-67 

51-12 

Caiiwnate  of  lime         ... 

14-00 

9-77 

Magnesia         .... 

0-49 

0-63 

Soda                .... 

2KK) 

0-59 

Potaflh             .... 

0K)6 

a  trace 

Cartilage          .... 

39-12 

35-93 

The  four  following  analyses  were  made  by  Valentin : — 1  represents 
the  cortical  portion  of  the  tibia  of  a  man  aged  38  years;  and  2,  the 
medullary  portion  of  the  same  bone;  3  represents  the  external  con- 
dyle of  the  left  femur  of  a  girl;  and  4,  the  head  of  the  left  tibia  of  the 
same  individual. 


1. 

S. 

3. 

4. 

Basic  phosphate  of  lime 

.        52-930 

49019 

37-012 

41-774 

Carbonate  of  lime     - 

7-666 

7-760 

5K)38 

7-109 

Phosphate  of  magnesia 

0-254 

1-542 

0-874 

0-874 

Chloride  of  sodium 

0  911 

0-441 

0  645  ) 
1-3315 

1-677 

Carbonate  of  soda     - 

0-204 

0-076 

CartilagB,  Tessels,  dice. 

38O20 

41160 

55-180 

48-560 

Marchand  found  in  the  compact  substance  of  the  femur  of  a  man 
aged  3d  years: 

>  A  cretin.    The  bones  had  been  under  ground  for  four  years. 

>  Anhnal  Cbemistiy,  p.  245. 
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ANIMAL  BODT. 


Baife  phoipluito  of  lime 

FloondB  of  cafcHim 

Ctfbonate  of  time 

PhofpliBte  of  mugnflflt 

Sodm 

Chloride  of  ndiam     - 

Cartilage  msoluble  in  hydrochloric  _ 

Cartilage  ioluble  in  hydrochloric  add 


63^ 
100 

1041 
1-05 
092 
085 

27-23 
&0i 
Ml 
1H)5 


Perazidea  of  iroo  and  manganeae,  and  loai 

The  most  recent  analyses  of  human  bones^  with  the  exception  of 
those  by  Von  Bibra,  are  those  of  Lehmann. 


Boom  of  a  aian  afed  40  yean  wbo  eoimiiittad  nicida. 


Pboiiihate  of  lime  and  ) 
fluoride  of  calcium    ) 
GarbonatB  of  lime 
Phoij^te  of  magneria 
Chknde  ofaodium 


HttflMnif. 

6601 

9-20 
108 
0-37 
1*35 
31-52 


Radial. 
53-25 

9-76 
106 
0-36 
1-36 
33-76 


Oiganic  mattar 

From  the  bones  of.a  man  aged  44 


PhoaphalB  of  time  and  fluoride  of  caktmn 

Caifaooale  of  lime 

Phoaphate  of  magneria 

Soda    - 

Chloride  of  aodium 

Oiganic  matter 


Ulna. 

53-98 

9-51 
107 

096 
33-23 


Fenur. 

5803 

9-28 
109 
0-40 
1-04 
9B01 


Fibula. 

5209 

9-33 
106 
0-37 
1-07 
3413 


years  he  obtained : 

Femur.  Tibia. 

6207  fi»93 

10O3  908 

003  OOl 

1-07  1-09 

0-34  0-31 

3415  3304 


TiUa. 

53-12 

(►35 
1-07 
0-39 
0O9 
44-10 


Flkala. 

6204 

10-13 
0O9 
1-12 
0-39 

34-51] 


BONES  OF  THE  LOWER  ANIMALS.^ 

Mammalia. 


[EoxHTATA.    Coomian  armadillo. 


Fhoephate  of  time  with  a  tittle  fluoride  of  caldum 

Caibonate  of  lime 

Fhoiphale  of  magneaia 

Satta 

Cartilage 

Fat 


Bony  platee  ilrom  the  refion  of 


the  throat. 
53-45 
6-73 
1-30 
0-89 
3403 
300 


the  abdomen. 
50O2 

603 

1-23 

0O5 
8677 

3O0 


tbettiL 
55^3 
609 
107 
002 
3201 
S»78 


Gtimza. 


Phonhate  of  lime  with  a  ) 
little  fluoride  of  calcium  j 
Caiixnate  of  lime 
Phoiphate  of  magnesia 
8alta 
Cartilago 
Fat 


Squirrel  (oldj 


Femur. 
5703 

10-45 
1-36 
OOO 

29^6 
OOO 


Bumerua. 
55«7 

lOOO 
1-32 
OOl 

31-21 

0-79 


Mouie.  Rat.  Bare. 
Femur  and  tibia 

together.  Femur.  Femur. 

50-31  60-38  6&45 

902  6-72  907 

MO  101  009 

0O3  0-91  0O8 

36-84  2806  29O0 

1-30  1-10  1-07 


^  The  whole  of  tbeae  aoalyae^  with  two  exoeptioiu^  were  mside  by  Yon  fifin. 
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Phonluite  of  lime  with  a) 
litlfe  fluoride  of  celdum  3 
Ciibooate  of  lime 
Phoiiihale  of  magneni 


Pat 


Phonhate of  lime  witha) 
litde  fluoride  of  caloom  y 
Caibonate  of  limD 
Phmyhate  of  masneaia 
Salta  -  ^^ 
Caitiiase 
Tat        . 


Fho^te  of  lime  with  a  ) 

litde  fluoride  of  cakaam  3 

^^tflKxiate  of  time 

Phoiiihate  of  magneaia   • 
8alti 

Cartilage) 
Fat         5 


ROMIHAITTIA. 

Sheep  aged  4  yean.  He-goat 

Femar.  Oa  occip. 

6&94  47-07 

12-18  909 

1-00  1-69 

0-50  1-02 

29-68  39-58 

0-70  1-65 


Pacbtdxrmata. 

Horset  (ftetui  of 
about  3  moatbs.) 

Hamenia  and  tibia. 
60-51 


Boll 


yean. 


Phosphate  c^  lime  with  a  ) 
little  fluoride  of  calcium  3 
Caifoonate  of  lime 
Fhoiphate  (^magnesia 

Cartilage 
Fat      . 


Femur. 

64-07 

12-71 
1-42 

0-80 

2909 

1-91 


Caitnted  bom 
aged  6  jeara. 


Tibia.      Oe  oodp. 
64-03        62^1 


11-99 
1-44 
0-70 

29-92 
1-92 


1M4 
l-OG 
060 

32^ 
2-00 


1-83 

1-40 

atraoe 

36-26 


Cotta.* 

42-21 

6-32 
1-94 
1-22 

47-30 

CXTACBA. 


Femur. 
54-37 

12O0 
1-83 
0-70 

27-29 
3-11 


Humerus. 
52-86 

1207 
1-75 
0-71 

29-70 
201 


Metatanot.* 

54-29 

905 

•69 

1-78 

34-16 


Dolphin. 

I-*- 


Mara 

aged  14  yean. 

Femur. 
54-63 

11-28 
1^ 
0-40 

27-98 
4-21 

Wild-boar. 
Feraor.    , 

58-88 

902 

1-17 

002 

{28O0 

I  201 


PlHHlPlDlA. 
Common  eeal. 

■A 


CoeU. 

53-59 

9.99 

1*10 

3^ 

30^6 


VertebnB. 

52^1 

9-37 

0O8 

1-24 

3307 


Falcdlata. 


Cat  aged  6  yean. 


Os  ocdpitif. 
58-77 

7-23 
1-18 
1^3 
30-11 
1-28 


Wolf. 


Maxilla  inf. 

54-11 

7J» 
0O3 
\^ 
3&24 
1*30 


^.  Humeral.  Vertob.  Oeocclp.  Femur.     Humeral.     CofU.       Verteb. 

Phoephate  c^  lime  with} 

a  httle  fluoride  of  cal-V  59-30      4801      51-70      57-87       55-36      51-76       48-72 
cium         -  -  J 


>  Von  Bibra  likewiee  analyzed  eeparatdt^  die  compact  and  qwngy  aubetanoe  of  the  femur  of 
a  hone  aged  12  yeare,  and  obtained  the  tallowing  reiulta: 

Compact  SpoDgy 

■ubstanee.  nbetaaee. 

54-65  41*14 

11-74  1803 


Phoephate  of  lime  with  a  little  fluoride  of  caldum 
Carbonate  of  time       .... 


Phoephate  of  magneaia 

Salti 

Caitili«e 

*  Theae  aoaljraea  were  made  by  Vakntin. 


1-48 

0-86 

31-27 


1 

004 
37-67 
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▲lOMAL  BODT. 


ObIximAb  of  Iniis 

yiwM^phatu  of 


Fit 


1(H» 

1^ 

(MO 

87-91 

0-70 


&44 
0^ 
0-99 
4079 
1*40 


10-13 
1-07 
0-S7 

3&63 
0^ 


11*09 
M3 
1-08 

87-44 
1-45 


11*76 
1-07 
0^ 

89-51 
1-31 


10^ 
1-00 
0*90 

33-78 
1-66 


VOUTASTIA. 


1003 
0^ 

0^1 

37*53 

1*93 

tet. 


flMpliate  oflkiM  with  a  little  floorida  of  oddmn 
CnboMte  ofliiiis  •  •  • 

Phni|ih«te  of  iiwgnwii      •  •  . 

8ilti 

CmHSkge 

m 


57-45 
4*77 
1-03 
0-75 

34*80 
1-80 


Hai 
5GM 
600 
1*00 
O80 
34*27 
1-03 


POLUCATA. 


Cebu  CApodnif  rCapucbiB  ape.) 


Vhomhtto  of  lims 


fluoride  of  al- 


CaibQiiate  of  lime 
Pt>oi|ihrte  of  megnnrit 

Ollli 


^1 


Fit 


Ftttuu. 
54*33 

7-99 
1*58 
0*89 
34*01 
1-90 


HameriM.    Vertebne. 
51*87         50-43 


7-33 
1-78 
0O3 
37-18 
0-97 


60S 
1*33 
0O2 
3904 
1-36 


CcMta. 

51*54 

7-00 
1-15 
0«7 
38*37 
1*07 


Beapaia. 

60<M 

7-31 
1*80 
001 
39-33 
lOl 


Oeilti. 
4603 

6*03 
1*07 
OOO 
44-16 
1-81 


•IRDf. 


Thnub. 


_.      .           .  Femur. 

PlMMphiilB  of  lime  with  a  )  k^^ 

Side  fluoride  of  cakaom  5  ^^^ 

Caihoiiate  of  lime         -  507 

Fhoiphttte  of  megneM  083 

Selto  0-77 

Ovtiiiga  33*43 

Ftt                 -           -  1*96 


HoBeniff. 

6805 

605 
OOO 
0O4 
88*08 
1-54 


Sparrow  6  dayi  old. 

Femur,  tiMf,  lb  hnmem 

tQgeUMr. 

39-78 

308 
0-40 
0*30 
55*80 
O-IO 


Bpairow  faiel) 


5946 

8*88 
1*03 
OOO 
27*80 
1»53 


60O4 

907 
109 
OOO 
86-14 
1-66 


REPTILXS. 


Salamandra 
terreitrii. 
•ni.      .  ...  Mixed  bonet. 

PhoiphaleaftimewithaUttle)       .-oo 
fluoride  of  cafcimn     -       -5      °^*^ 
Carbonate  of  time         -  846 

Fhoaphate  of  magneoa  107 

Bekaofaoda  .  0*88 

3B04 
3-18 


Rant  eaeulenta. 


Fat 


Femur. 

59-48 

8-25 
0O9 

1-78 

30-19 

5-31 


Phoiphate  of  lime  with  a  little 

fluoride  of  caldum 
Carbonate  of  lime 
Sulpiiale  of  fime 

ite  of  magneaiB  • 
of  aoda 

,.  ite  of  aoda  and  diloride  of 
aodium 
Cartilage 
Fat 


FiaBXS. 

Eel.  Pike. 

Vertebrs. 
38-70 
14-30 

OOl 

0O7 

32-78 
18O0 


3609 
83-55 


Tibia. 
59-73 

2-24 

0O7    . 
1-90 
29*16 
6O0 

llalmon. 

Vcrtebrc. 

3604 

101 

0-70 

0«3 

81-80 

38*88 


Colober        Aagnli. 

natrlx.         flrufilig. 

Vertebra.    VertMB. 


5941 

7*88 
lOO 
0-73 
9403 
6-11 


4708 

602 
111 
OOO 
36-18 
7*37 


God. 


Vertebne.  Oioedp. 

57-65        61-15 

4*61         5O0 


»30 

1-00 

31-90 
8-34 


86S 

1*03 

8709 
8-11 


i 


/ 
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We  have  selected  these  individual  cases  from  143'  analyses  of  the 
bones  of  mammalia  (independently  of  man;)  151  of  birds^  31  of 
reptiles^  and  23  of  fishes.] 

Morbid  bones. 

[Rachitis.  The  bones  in  this  disease  have  been  analyzed  by  several 

chemists.  • 

Lehmann  examined  the  tibiae  of  three  rachitic  children.    He  found : 

Phosphate  of  lime  - 

Carbonate  of  lime  - 

Phosphate  of  magnesia 

Chbiide  of  sodium  - 

Soda 

Cartilage      -  •  • 

Fat  -  -  - 

Ragsky  found  in  the  scapula  and  humerus  of  a  rachitic  child: 

Phosphates  of  lime  and  magnesia  -  .  .  15*60 

Carbonate  of  lime    -           -  -  .  -  2^ 

Soluble  salts            -            -  -  -  •  '    0^ 

Cartilage,  vessels^  and  fiit     -  -  -  -  81 -12 

In  the  ulna  of  a  child  aged  5 — 6  years,  Von  Bibra  found : 

PhoephateoflimewHh  a  little  fluoride  of  calcium  47*83 


1. 

9. 

3. 

-       32H)4 

26-94 

SS'IS 

4*01 

4*88 

3*75 

0*98 

0*81 

087 

021 

0*27 

0*28 

0*54 

0*81 

0-73 

54*14 

60-14 

58*77 

5*84 

6*22 

.6-94 

Carbonate  of  lime 

Phosphate  of  magnesia 

Salts 

Cartilage     - 

Fat 


7^2 
1*23 
1*82 
35-61 
6<)9 


Osteomalacia.     Several  analyses  of  bone  in  this  disease  are  on 
record. 

Vertebra. 
(Boatock.) 

Phosphate  of  lime       ....        13*60 

Pho^ihate  of  magnesia 

Carbonate  of  fime        ... 

Sulphate  of  lime  and  phosphate  of  soda 

Cartilage        .... 

Fat  .... 


082 

1*13 

4*70 

79*75 


Vertebra.  Oosta. 

(Pf^toelL)         (Prttaeta.) 

13*25  33^ 


5*95 

0*90 

74-64 

5*26 


4*60 

0*40 

49*77 

11*63 


!;ed  32  years,  w^o 
ts: 


Carbonate  of  lime 
Phosphate  of  magnesia 
Cartilage  and  venels 
Soda,  iron,  and  loss 


Patella. 

23*23 
0-94 
5K)3 

70-60 
0-64 


An  analysis  by  Bogner  of  the  bones  of  a  man  a 
died  from  osteomalacia,  yielded  the  following  resu 

Bcapfula.        Radius. 

Phosphate  of  lime            -           -       2602  2811 

.0-98  1*07 

5^0  6*35 

65-85  63-42 

0-85  1-05 

Ragsky  has  analyzed  bone  in  this  disease.     He  found  in  a  rib: 

Phosphates  of  lime  and  magnesia     - 
Carbonate  of  hme  and  salts  ... 
Cartilage,  vessels,  and  fiit     - 

After  the  removal  of  the  fat,  Lehmann  found : 

1.  9. 

Phosphate  of  lime        -       36*863  31*718 

Other  salts       -  -  4-968  7-913 

Cartilage         -  -       58-169  60*369 


Femur. 
23-50 

5-07 

6977 

0-69 


17-48 

6-32 

7&20 


3. 
35*871 
5*684 
58-445 


AWTMAL  B0D7« 


and  in  two  other  cases  of  osteomtlicia  occurring  in  persou  aged 

aboat  40  years,  the  same  chemist  found : 

1.  t. 


Phoiplwle  of  linw 
Cunoottt  ofuBMb 
FhuMhatBof 
8olfAe«lfei 


Fat 


17-66 

(HO 
0-37 

48«3 
S9>18 


21-02 

(H4 

0€3 

6(M8 

23*13 


18-83 


1M4 

44» 


0^ 

043 

41-64 

34-15 


Ml 


nuondB  Oi  cucnuD 
CaiboDBteoftime 
Fhonhale  of] 
8dfei 


The  three  following  analyses  of  bone  in  this  disease  were  made  bj 
Von  Bibra: 

TIMt  oTa  wo«aa   FeararoTt  woaaa 
•fedTSjrMrm.  SSytan. 

Fho^plMto  of  fime  widi  a  litde  >     g^^  ^^^ 

4-94  G-37 

291  1-20 

0-31  1-37 

29-17  30^ 

Fat      -                                  .         8*56  1328 

Marchand  found  the  bones  of  the  child  whose  case  is 
12  of  this  volume,  composed  in  the  following  manner: 


Plioililialeof  lime 
Pboiiihale  of 
Caibonale  of  lime 
8i#lialeoflime> 
SidjptialB  of  aodaj 
Fluoride  of  cikiimiy 
CSntSi^ 
Fat 


1256 
0^ 
3^ 

0-98 

of  aodiom,  iroii»  and  loai     lOO 

75«2 
6-12 


16-U 
0-78 
3-15 

1-00 

1-20 

71-26 

7-60 


1-00 

7200 

7« 


The  cartilage  yielded  neither  glutin  nor  chondrin. 

Arthritis,  Marchand  analyzed  the  upper  part  of  the  femury  and 
the  bones  of  the  fore-arm  of  a  person  with  abundant  tophaceous  de- 
posits in  the  knee-  and  elbow-joints.     He  found  in  these  bones: 

Femar.    BailM  it  alM. 

FhoiplMlB  of  lime 42-12  43-18 

CaitxHialeoflime 824  6^ 

Pboiphate  of  magneaia             ....  1K)1  (HW 

Animal  matter 46-32  4&96 

Fhiorideofcalcium,  soda,  chloride  of  aodimn,  and  kMB  2-31  1*37 

LfChmann  analyzed  the  bones  of  three  persons  with  chronic  goat; 
their  ages  varied  from  40  to  50  years.    He  found : 


1. 

fi. 

IL 

Fboiphate  of  lime    • 

.       35-16 

35^ 

37-22 

Caibonate  of  time     • 

841 

9-62 

AAQ 

Fhoaphate  of  magneda 
Soluble  aiJta  * 

1-31 
2-93 

1-05 
1^03 

M3 
1-82 

Cartilafle 

38-14 

38^ 

40O3 

Fat             -           -           . 

12-11 

13-37 

9-15 

Caries.  Valentin  has  analyzed  carious  bones,  and  likewise  an 
osteophyte  incrustation  surrounding  the  carious  tibia  of  a  roan  aged 
38  years. 


BONSS. 


60S 


Phoaphate  of  lime 
Carbonate  of  lime 
PhQq)bate  of  magnesia 
Chloride  of  sodium  ) 
Carbonate  of  soda   3 
Organic  constituents 


Tibia  of  a  man 
aged  38  years. 

34-383 
6.636 
M82 

1-919 

55-880 

External  condyle 
of  the  femur  of  a  girl. 

39-393 

4-620 

0-520 

0-424 

0-647 
54-396 


Vertebm  of  a  man 
aged  SO  years. 

33-914 

7-602 

0-389 

'  C  3-157 

1 0-118 

54-830 

Head  of  tibia 
of  the  same  individual. 

45*451 

5-683 

1-180 

1-620 

0-446 
45-620 


Phosphate  of  lime 
Carbonate  of  lime 
Phosphate  of  magnesia 
Chloride  of  sodium 
Carbonate  of  soda 
Organic  constituents 

la  the  osteophyte  incrustatioa  there  were  contained: 

Phosphate  oflime 29-424 

Carbonate  oflime  ......  4-201 

Phosphate  of  magnesia  ......  0-317 

Chloride  of  sodium  ......  5*556 

Carbonate  of  soda  ......  1-117 

Organic  matters  ......  59-370 

Von  Bibra  has  also  made  several  analyses  of  carious  bones: 

Bones  of  the  hand  of  a  man. 


Phosphate  oflime  with  a  little  ) 
fluoride  of  calcium  -  ) 
Carbonate  oflime 
Phoiphate  of  magnesia 
Salts 

Cartilage  - 
Fat 


Phosphate  of  lime  with  a  little  fluoride 

of  calcium 
Carbonate  oflime 
Phosphate  of  magnesia 
Salts 
Cartilage 
Fat 


Its  upper 
Metacarpal  bone,    articuluting  portion. 


49-77 

724 
1-11 
0-30 
37-97 
3-61 


31-36 

4-07 
0-83 
0-30 
69-36 
4-08 

Femur  of  a  man. 

■  -    — ■   ^. 


Pbalanz. 

49-36  ^ 

808 
0-98 
040 
37-47 
3-71 


] 


Diseased  portion. 

51-53 

5*44 
3*43 

0-91 

35-69 

306 


Mass  of  the  bone. 

54-98 

5-97 
3*70 
0-89 
31-44 
3-02 


Palate  bone  nf  a  woman  aged  40  years,  with  inveterate  ayphilis. 
The  portion  submitted  toanalysia  was  thrown 
offduring  her  lifetime,  and  weighed  16*5  grains. 

Phosphate  oflime  with  fluoride  of  calcium       ...        45-14 
Carbonate  pf  lime 


Phosphate  of  magnesia 

Salts 

Cartilage 

Fat 


Phosphate  oflime  with  fluoride  of  calcium 

Carbonate  oflime 

Phosphate  of  magnesia 

Salts 

Cartilage 

Fat 


5H)3 
2-40 
0-82 
42-34 
4-27 

Tibia  of  a  man     Tarsus  of  a  man 
aged  25  years,    aged  40  or  50  years. 

47-79  39^22 

6-44  6*87 

1-30  0-50 

200  2-10 

28-r,7  29-23 

13-60  2209 
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AHI 

1CAX.B0D7. 

Nanlboeeoraglrl 

Loabar  ?eitaWaii  ef  a 

aged  15  jam. 

afadtfyeeie 

PhcMiiliilB  of  lime,  with  > 
fluoride  of  dJctimi    -5 

4577 

44-05 

Ceibonele  of  Ime        • 

377 

945 

FhoiiilielB  of  meflCDOwi 

1*45 

1-08 

Mto 

110 

1*70 

Cvtikge 

3&G9 

41-49 

Fat                -       -  - 

9^ 

&a6 

Necrosis.    The  following  analysis  was  made  by  Von  Bibra: 

Pbalaaz  of  a  maa 
agad  4S-40jcan. 

Fboaphateofliiiiewifli  fluoride  of  cildiim      -  7M3 

CeiboDale  of  lime 4M 

Phflaphate  of  megnraia  ....  -         IM 

Saha Ml 

Certilage 19^ 

Fat 1«  , 

This  small  amount  of  organic  matter  is  not  characteristic  of  necro- 
tic bone,  for  in  two  minute  portions  thrown  off  after  fractures  Von 

Bibra  found: 

1.  f. 

Oiganic  matter  -  -         37-87  81-58 

InoigBiucmattv  •  -         60-77  67-83 

ru  ....  1-36  1-09 

Osteoporosis.  Ragsky  has  analyzed  a  specimen  of  osteoporosis 
growing  on  the  cranium  of  an  aged  person.  It  yielded  gelatin  when 
boiled.     It  contained : 

PlMMphateeoflimeandmegnoaMi    -  .  •  •  5&80 

Cafixnate  of  lime  and  aalfei  ....  6-69 

Cartilage,  feanb,  and  6t  ....  88^1 

Sclerosis.  Ragsky  has  analyzed  bone  in  several  cases  of  this  affec- 
tion. 

Simple  Kleroela  of  the  craniam  of  a  madaMB. 

Phoiphate  of  lime  with  floeride  of  cakimn        -  54*10 

Carbonate  of  lime         ....  1045 

Phoaphate  of  megnraia             ...  lOO 

Soluble  aOtB 1-04 

Cartilage  and  imaelfl    ....  3341 

Selerotii  conMentlTe  on  eataopomla. 
(Tbe  bond  not  ■pacified) 
Fhoqihateof  limeandmagneaia  •       48-20 

Caibooate  of  lime  -       -  -  -         7-45 

SolubfeaaltB     .....         0-25 
Cartilage,  &t,  and  iwflMie         -  44-10 

Seleioaia  mote  bifUy  developei. 
Phoaphalea  of  lime  and  magneaa         •  -       50-29 

Cerbonate  of  lime  and  aotuble  aalti        -  -         7-20 

Cartilage  and  Yeeaele    .  .  .  •        42^1 

'  In  the  cavity  of  tiiie  bone,  produced  by  the  cariee,  there  waa  a  thick,  leddirii  yellow  mat- 
ter, like  inipiBited  pua.  It  conaiBted  of  81-3  parts  of  water  and  Tolatile  matter,  and  18-7  of 
aolid  conetitqenta.    The  latter  contained  in  100  paita: 

Albominooe  matter  •        107 


Akx)hol  extract  and  lactates 

Water-extract 

Shreds  of  cartHaoe    - 

Fat 

Fixed  salts 


0-9 

»4 
51-0 

7-2 
18^  oontaming  90}  ofphoiiihite  ofliDiai 
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Beleroiifl  in  the  highest  degree. 
PhosphateB  of  lime  and  inagnwBa  -  -       6Sr52 

Carbonate  of  lime         ....         5^ 

Soluble  salts (H26 

Cartilage  and  iressels     ....        38^^7 

Sclerosis  of  the  femur. 

Phosphates  of  lime  and  irmgnewa  -  -       53*21 

Carbonate  of  lime         ....         8-30 
Cartilage  and  iressels     ....        38-49 

Bjrphiiitic  sderosio,  highly  developed. 

Phosphates  of  lime  and  magnesia  -  -       67-20 

Carbonate  of  lime         ....  6-50 

Cartilage  and  vessels    ....        36*30 

Exostosis.  Lassaigne  has  analyzed  an  exostosis,  the  thickened 
bone  to  which  it  was  attached,  and  a  healthy  portion  of  the  same 
bone. 

Thickened  bone.  Healthy  bone.  Exostosis. 
Phosphate  of  lime        -           -        36-3                      41-6  30O 

Carbonate  of  lime        -  -  6-5  8<2  14-0 

Soluble  salts   ...        14*2  H-6  10*0 

Organic  matter  -  •        43K)  41-6  46K) 

Von  Bibra  has  analyzed  an  exostosis  on  the  humerus  of  a  dog. 
In  the  second  analysis  the  composition  of  the  healthy  radius  and 
ulna  are  represented. 

Exostosis.  Radius  and  alna. 

Phosphate  of  lime  with  fluoride  of  calchmi      47*99  60*95 


Carbonate  of  lime 
Phosphate  of  magnesia 
Salts     - 
Cartilage 
Fat 


1-00  2-84 

1*55  1-39 

0*91  0-93 

45*74  32*88 

2*81  l-Ol 


We  observe  in  both  these  cases  that  the  exostosis  contains  a  larger 
amount  of  organic  matter  than  healthy  bone.] 

1  have  analyzed  a  remarkable  osteoid  tumour  that  formed  on  the 
knee  of  a  leucophlegmatic  boy  aged  14  years,  who  was  suffering  from 
oedema.  The  tumour  was  ten  inches  long  and  twenty-five  broad, 
and  could  be  hardly  half  spanned  with  both  hands.  The  limb  was 
amputated,  and  the  tumour  examined.  I  analyzed  separately  three 
portions  of  the  tumour,  one  hard  and  bony,  a  second  softer,  and  a 
third  perfectly  soft.  On  exposing  them  to  heat  on  an  oil-bath,  the 
first  became  white  and  earthy,  while  the  other  portions  assumed  a 
horny  appearance. 

Ether  took  up  a  dirty  yellow,  non-phospliorized  fat 

The  three  specimens  yielded  on  analysis: 

Fhoqphate  of  lime 

Carbonate  of  lime 

Phosphate  of  magnesia 

SohiUesalto 

Chloride  of  sodimn    - 

Fat 

Cartilage  and  yesBcIs 

The  proportions  of  the  fixed  salts  to  each  other  in  these  cases,  and 
as  they  occur  in  normal  bone,  are  exhibited  in  the  following  table: 


Aaal.  155. 

Anal.  156. 

AnaL  157. 

.        35*65 

8*00 

9-20 

2-70 

0*62 

064 

0-58 

0-21 

... 

0*2> 
0-265 

0-39 

0*78 

1*16 

3*61 

3-21 

-       58*91 

87-04 

86-20 

606 


FbcMphate 

Phosphate  of  magnesia 
Carbonate  of  lime 
Soluble  nlti 
Chloride  of  aodium 

The  most  striking  peculiarity  is  the  relative  diminution  of  the  car- 
bonate of  lime. 

[Callus  has  been  analyzed  by  Lassaignc  and  Von  Bibra* 
Lassaigne  examined  the  outer  and   inner  portions  of  a  mass  of 
callus.     He  found: 

External  portion.        Internal  portion. 


ANIMAL  BODY. 

i. 

S. 

3. 

Healthy  b< 

89^ 

8(r5 

e&9 

71M 

1-5 

1-9 

.~~ 

1-7 

6-8 

6-6 

60 

1&9 

0-7  > 
13  J 

1*4 

M 

CM 

Phosphate  of  lime  -            •            .33*3 

Carbonate  of  lime  .            •            -          5-7 

Soluble  aaltfl  •            -            -         11*3 

Animal  matter  ...        &(H) 

The  following  analyses  were  made  by  Von  Bibra: 

Callus  fVoin  the 
tibia  (»f  a  liare. 

Fhoaphatc  of  lime  with  fluoride  of  caldimi  32-62 

^Carbonate  of  lime  -  •  -  J-01 

PluMphate  of  magnesia 


Salts 

Cartilage 

Fat 


M3 
1-79 
61-41 


32^ 

6^ 

1»8 

48-5 


Callut  fWkin  the 
rib  Ufa  hone. 

43-90 

1-SO 

0-74 

46W 

1-50 


Hence  callus  does  not  contain  so  large  an  amount  of  earthy  salts  as 
true  bone.] 

The  teeth. 

The  teeth,  like  the  bones,  consist  of  phosphate  and  carbonate  of 
lime,  fluoride  of  calcium  and  cartilage.  The  bony  matter  of  the  tooth 
is  covered  superiorly  with  enamel,  while  the  fangs  are  coated  with 
cement  or  cortical  matter,  which  likewise  overlays  the  enamel  of  the 
crown.  Of  the  three  constituents  of  tooth,  enamel,  bone  (dentine.) 
and  cortical  substance,  the  last  is  the  poorest  in  inorganic  matter. 
Lassaigne  found  therein : 

Organic  matter  ....        4fM8 

Phosphate  of  lime        ....        53«4 
Carbonate  of  lime         ....  3^ 

The  osseous  portion  (dentine)  hardly  differs  from  true  bone.  Ber- 
zelius  found  therein: 

Cartilage  and  vessds      .... 
Phoiipluite  of  lime  with  fluoride  of  calcium 
Carlx>nate  of  lime  .... 

Phosphate  of  magnesia  ... 

Soda,  with  chloride  of  sodium     -  .  . 

Pcpys  found: 

Cartilage  ..... 

Phosphate  of  lime  .... 

Carbonate  of  lime  .... 

Water  and  loss 

From  analyses  made  by  Lassaigne  of  human  teeth  at  different  ages, 
it  appears  that  the  phosphate  of  lime  gradually  increases,  and  that 
there  is  a  corresponding  diminution  of  the  carbonate. 


280 

64-3 
5-3 
lO 
1-1 


28K) 

580 

40 

lOO 
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TooUi  of  &  child  one  day  old 
"     ofadiild  aged6  yean 
**     of  an  adult  man 
"     of  a  man  aged  81  years 


Organic 
matter. 

35H)0 
28^7 
S9O0 
3300 


Pboaphate 
of  lime. 

51-00 
60-01 
61-00 
66K)0 


Carbonata 
of  lime. 

1400 

1M2 

lOOO 

1-00 


1q  the  enamel  of  human  teeth,  Berzelius  found: 

Phosphate  of  lime  with  fluoride  of  caldom 
Carbonate  of  lime        «- 
Phosphate  of  ma^e«a  -  -  .  . 

Memonine,  alkali,  and  water      •  .  . 


88-5 
80 
1-5 
20 


So  that  this  substance  seems  almost  destitute  of  organic  combina- 
tion. 

[Von  Bibra  has  made  the  following  analyses  of  human  teeth: 


Molar  tooth  of 
a  woman  aged  25  years. 


Molar  tooth  of 
an  adult  male. 


Enamel. 

Phosphate  of  hme  widi  a  little  7  gi^ 

fluoride  of  calcium  -  5 

Carbonate  of  lime    -           •  8*88 

Fhoiiphate  of  magnesia         -  2*55 

Salts           -            -           -  0-07 

Cartilage     •            -            .  5-97 

Fat            ...  a  trace 


OsaeouB  portion. 

67-54 

7-97 
249 
1-00 
20*42 
0-58 


Enamel. 
89-83 

4-37 
1-34 
0^ 
3-89 
0-20 


Oneoos  portion. 
66-73 

3-36 
1-08 
0-83 
27-61 
0-40 


For  a  series  of  analyses  of  the  teeth  of  the  lower  animals  I  must 
refer  the  reader  to  the  original  work,  (Chemische  Untersuchungen 
Ciber  die  Enochen  und  Zahne  des  Menschen  und  der  Wirbelthiere,} 
which  may  be  regarded  as  a  perfect  monograph  on  the  subject  of 
which  it  treats.] 

Cartilage. 

The  cartilages  are  invested  with  a  peculiar  membrane,  the  peri- 
chondrium; they  are  not  so  hard  as  bone,  but  are  more  clastic  and 
supple.  They  are  usually  divided  into  two  classes,  the  true  and  the- 
fibrous  cartilages.  In  addition  to  their  respective  microscopic  ap- 
pearances, they  present  well-marked  chemical  diflferences.  The  true 
cartilages  dissolve  almost  entirely  in  water,  and  yield  chondrin  (see 
Introduction,  p.  32.)  If,  however,  the  boiling  is  interrupted  before 
the  solution  is  perfectly  effected,  it  will  be  found  that  the  cells  have 
remained  almost  unchanged,  and  that  only  the  basic  substance  has 
been  dissolved.  Even  when  true  cartilage  is  perfectly  dissolved  the 
solution  is  somewhat  turbid,  owing,  probably,  to  a  partial  change  in 
the  cells.  Fibrous  cartilage,  in  which  the  cells  form  the  preponde- 
rating mass  when  continuously  boiled  for  forty-eight  hours,  yields 
only  a  small  quantity  of  extract,  which  exhibits  all  the  ordinary  reac- 
tions of  chondrin,  but  does  not  gelatinize.  The  inorganic  constituents 
of  cartilage  form  only  a  small  portion  of  their  mass;  Fromherz  and 
Gugert^  found  in  the  costal  cartilage  of  a  man  aged  20  years^  3*402^ 
of  fixed  salts,  associated  in  the  following  proportions: 


52 


>  Schweiger's  Joonia],  toL  50,  p.  187. 
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AVnCALBODT. 

diboiiflto  01  •ooft 

351 

Sulphate  of  ■odft  - 
Chloride  of  ndknn 

S4-2 

M 

Fhoqphate  of  soda 

M 

Sutebate  of  poterfi 
Carbonate  of  liniB 

1*9 
18*3 

PhonhalB  oTIime 

41 

Fho^4ialBofiiii0Mia     - 

(r9 

Peroxide  of  rai  nd  loai  - 

CM) 

In  the  corresponding  cartilage  of  a  woman  aged  63  years,  the 
same  salts  were  observedi  but  to  a  smaller  amount:  there  was  also  a 
larger  amount  of  phosphate  than  of  carbonate  of  lime. 

frhe  following  analyses  of  cartilage  are  extracted  from  Yon  Bi- 
brrs  work: — 


Pboqihate  of  lime 
Sulphate  of  lime 
Pboaphate  of  magneMa 
SidpbBte  of  aoda 
Fboiphateoffloda) 

Caibonateofaoda) 
Chloride  of  Bodhnn  - 


Cottal  eartilaffc  of  a  child  Ditto  of  a  cbild 

afed  6  nonlbii.  aged  3  yean. 

100  parte  yielded 

0 ^^ ^ 

»M  Of  the  IbUowing  aih:    SIM)  of  the  thUowing  alb: 
90«6  Sl*33 

60^  48€8 

Ml  1M3 

C300 

9-37  M8 


atraoe 


Coetal  cartilafe  of  a  girl 
aged  19  jreare. 


Ditto  of  a  woman 

aged  S5  year*. 
lOa  paru  yielded 


Ditto  of  a  Ban 
ageddOyeaiB. 


7-90  of  Um  Ibilowlag  aeb: 

Fhonhale  of  Ihne       •  &36 

Bulphale  of  lime        -  98^1 

Phonhate  of  magneaia  0O9 

Sulphate  of  aoda  1-84 

Phoaphate  of  aoda  a  trace 

Chloride  of  eodium     -  a  trace 

Caibooate  of  aoda  — - 

Carbonate  of  lime      -  — 


9«  of  Um  following  adi:    0-1  ofthefcllowiagaih: 

e^  1»09 

87-33  7M3 

410  8-78 

0-95  1*88 

atraoe  0^ 

1-30  1*95 

atraoe  atraoe 

—  atraoe] 
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The  synovial  fluid  is  viscid,  transparent,  of  a  yellow  or  reddish 
colour,  faintly  saline,  and  resembles  in  its  odour  the  serum  of  the 
blood.    A  specimen  of  thrs  fluid, analyzed  by  John,  contained: 

Water 93^60 

Albumen    ---..-  &40 

Extractive  matter,  with  muriate  and  carbonate  of  aoda  OiiO 

Phoiphateoflime 0*15 

Cellular  Tissue^  IhidanSy  Ligaments,  Skin,  Hair. 

These  may  be  classified  together  as  tissues  that  yield  gelatin. 
They  are  distinguished  more  by  their  microscopical  than  theirche- 
mical  characters,  and  we  may  refer  to  Henle  for  an  excellent  account 
of  their  minute  structure.  The  elements  of  cellular  or  combining 
tissue  (Bindegewebe)  in  whatever  part  of  the  body  it  occurs  are  long, 
fine,  hyaline  fibrillar  or  cylinders,  varying  in  diameter  from  -0003  to 
•0008  of  a  line,  and  lying  in  close  imposition.     They  are  firm  and  elas- 
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tic,  are  not  changed  by  cold  water,  nor  dissolved  by  acetic  acid;  the 
latter  reagent  renders  them  gelatinous  and  tough,  but  takes  up  no 

Erotein-compound.  The  organs  containing  this  tissue  diminish  when 
oiled,  become  harder  and  more  rigid,  but  ultimately  soften  and  dis- 
solve into  gelatin,  forming  a  solution  that  stiflens  on  cooline.  Alco- 
hol, ether,  and  oil  exert  no  action  on  cellular  tissue,  even  when  aided 
by  heat 

Tendons  swell  on  being  boiled,  become  yellow,  and  are  gradually 
converted  into  gelatin.  The  solution  is  turbid  in  consequence  of  the 
flocculent  appearance  presented  by  minute  vessels  in  suspension.  In 
concentrated  acetic  acid  they  swell,  become  transparent  and  gelati- 
nous, and  in  this  state  readily  dissolve  in  hot  water,  from  which  nei- 
ther an  alkali  nor  ferrocyanide  of  potassium  throws  down  any  pre- 
cipitate. 

Ligaments  consist  partly  of  cellular  and  partly  of  elastic  tissue, 
and  these  two  structures  present  both  chemical  and  physiological 
differences.  True  elastic  tissue  is  not  changed  by  acetic  acid,  is  not 
converted  by  boiling  into  gelatin,  but  with  the  aid  of  heat  dissolves 
readily  in  dilute  mineral  acids,  from  which  it  is  not  precipitated  by 
ferrocyanide  of  potassium.  As  illustrations  of  the  true  elastic  tissue, 
we  may  refer  to  the  ligamenta  flava  between  the  vertebrae  and  the 
ligamentum  nuchas  in  the  ruminants. 

The  cuiiSy  or  true  skin,  is  a  contractile  cellular  tissue,  convertible, 
by  boiling,  into  gelatin.  It  is  permeated  by  a  fluid,  and  contains  also 
cellular  tissue  and  vessels.  VVienholt  has  endeavoured  to  determine 
their  relative  proportions;  he  obtained: 

Cutaneoos  tissue  (indoding  oellolar  tissue  and  vessels)            -  32-53 

Water          --...--  67-50 

in  which  were  dissolved: 

ARnuncn      -------  1*54 

Alcohol-extract          .-.-..  0^ 

Water^extract           -...--  7-60 

The  skins  of  different  animals  require  boiling  for  different  lengths 
of  time  in  order  to  be  converted  into  gelatin,  and  the  change  is  ef- 
fected more  rapidly  in  young  than  in  old  animals. 

The  conversion  of  the  cutis  into  gelatin  is  much  facilitated  by  the 
action  of  dilute  alkalies  or  acids;  it  then  takes  place  at  an  ordinary 
temperature.  The  skin  combines  with  basic  sulphate  of  iron,  and. 
with  bichloride  of  mercury,  when  immersed  in  solutions  of  those 
salts,  and  it  then  resists  putrefaction.  It  likewise  combines  with 
tannin,  forming  a  substance  insoluble  in  water,  and  no  longer  tending 
to  putrefaction  (leather.) 

The  epidermis  is  aflccted  by  strong  mineral  acids:  concentrated 
sulphuric  acid  dissolves  it,  as  also  do  the  caustic  alkalies.  Many 
metallic  salts  combine  with  and  colour  it.  The  terchloride  of  gold 
communicates  a  purple,  nitrate  of  the  protoxide  of  mercury  a  reddish 
brown,  and  nitrate  of  silver  a  black  colour:  the  volatile  oxide  of 
chrome  ^?)  exerts  a  similar  efiect,  and  even  the  alkaline  sulphurets 
communicate  a  brown  or  black  colour  to  it 
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[The  hair  has  recently  been  examined  bj  Scherer  and  Van  Laer.^ 
By  treating  tbe  bair  with  spirit,  ether,  and  water,  there  were  re- 
moved margarin  and  marg^c  acid,  olein,  a  brown  matter  scduble  in 
water,  chlorides  of  sodium  and  potassium,  and  lactate  of  ammonia. 

By  ultimate  analysis  there  were  then  obtained: 


Cwboo       - 
fijuiugm    • 

^] 

Nibu|pui 

51-S»29 
6<J97 

VM43 

17-963 

6-766 
94-643  ' 
17-963 

5(Ha22 
&613 

94-629 

17-963 

49^^ 
&631 

8&496 

17-963 

]. 
50-12 

6*33 
91-03 

4-99 
17-59 

f. 
5065 

6-36 
9M1 

1714 

No.  1  was  hair  of  the  beard;  2,  of  the  head  of  a  fair  person;  3, 
was  brown  hair;  and  4,  black  hair  from  a  Mexican.  The  ash  in  1 
amounted  to  0'72g;  in  2,  to  0-8g;  and  in  4,  to  2-02. 

According  to  Van  Laer,  the  inorganic  constituents  in  100  parts  are: 

Cotoar.  AA.     8otaM«  portioa.    PieroxUeoriroa.    Imo!«U«  pottka. 

Bioimhak    -           •        (KA  0*17  0060  0312 

MO  051  0-395  O900 

0-32  _                      —  _ 

1-08  099  0414  0516 

1-15  —                     —  -» 

1-30  093  O170  O200 

064  027  0«75  — 

1J85  —                      —  — 

1-00  094  0239  0598 

075  —                     —  — 


BbdLhak 

ficdhair 
tt 
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The  soluble  portion  consisted  of  chloride  of  sodium,  sulphate  of 
lime,  and  sulphate  of  magnesia;  the  insoluble  constituents  were  phos- 
phate of  lime  and  silica. 

From  Van  Laer's  investigations  it  appears  that  the  hair  consists 
essentially  of: 

1.  A  connecting  medium  consisting  of  a  tissue  yielding  gelatin 
and  represented  by  the  formula  0^3  H^^  N^  0^; — and 

2.  Of  bisulphurel  of  protein,  C^  H^^  N^  0„  S,. 

The  large  amount  of  sulphur  in  hair  (averaging  5§)  is  the  cause  of 
its  colour  being  affected  by  various  metallic  salts.  As  there  is  no 
constant  difference  in  the  results  obtained  by  the  analysis  of  hair  of 
various  tints,  it  is  to  be  presumed  that  the  colour  is  dependent  on 
peculiar  arrangements  of  the  ultimate  particles. 

Hair  further  contains  about  0*4g  of  peroxide  of  iron,  which  is 
supposed  by  Van  Laer  to  be  chemically  combined  with  tlie  protein.] 

Crystalline  Lens  and  Fluids  oftht  Eye. 

The  crystalline  lens  is  insoluble  in  boiling  water,  spirit,  and  acids; 
it  does  not  even  communicate  any  turbidity  to  them ;  hence  it  con- 
sists neither  of  cellular  nor  clastic  tissue,  but  is  a  disUnct  substance, 
approximating  possibly  towards  horny  tissue.  The  membrana  De- 
moursii,  the  third  layer  of  the  cornea,  possesses  similar  properties, 

>  Scheik.  Oodenoeck,  2o  8t  p.  75. 
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while  the  true  horny  layer  which  lies  between  the  external  layer  of 
epithelium  and  the  membrana  Demoursii  appears  to  be  fibrous^  and 
is  converted  by  boiling  into  chondrin.  The  crystalline  lens  itself 
possesses  a  peculiar  and  very  regular  fibrous  arrangement  Chevenix 
found  the  specific  gravity  of  the  human  lens  to  be  1079,  and  that  of 
the  sheep  1180.  I  have  observed  that  the  crystalline  lens  in  young 
animals  is  softer,  and  less  resisting  than  at  a  more  advanced  age. 

With  respect  to  the  chemical  composition  of  the  lens,  I  find  that, 
in  addition  to  albumen,  it  contains  a  substance  closely  resembling 
casein,  to  which  I  apply  the  term  crystallin.  I  reduce  the  lens  to  a 
pulpy  mass,  stir  it  with  water,  and  then  heat  the  mixture  to  the 
boiling  point:  the  albumen  coagulates,  while  the  crystallin  does  not 
coagulate,  but  is  entangled  in  the  albumen.  In  order  to  separate 
them  I  evaporate  to  dryness,  pulverize  the  white  residue,  and  boil  it, 
first  with  ether  in  order  to  separate  fat,  and  then  with  spirit  of  '915 
as  long  as  any  thing  continues  to  be  taken  up.  The  albumen  rapidly 
sinks  from  the  hot,  clear,  spirituous  solution,  and  the  supernatant 
fluid  which  must  be  decanted  from  the  sediment,  soon  begins  to  be- 
come turbid  from  the  separation  of  numerous  flocculi  of  crystallin. 
I  evaporate  to  a  slight  residue,  and  then  precipitate  the  crystallin 
by  strong  alcohol,  in  which  it  is  only  slightly  soluble.  The  lactates 
and  chloride  of  sodium  remain  dissolved  in  the  alcohol.  In  this 
manner  I  analyzed  the  crystalline  lens  of  the  ox  and  the  horse. 


Anal.  159. 

Anal.  150. 

Crystalline  lens  of  ox. 

Ditto  of  hone. 

Vrftter     •           •           -           • 

• 

65-762 

60K)00 

Albumen             ... 

. 

23*390 

25*531 

Ciygtallin            ... 

m 

10-480 

14*200 

Fat          -           -           -           - 

m 

0-045 

0*142 

Extractive  matter  with  chloride  of  ) 
sodiiim  and  lactates       -           ) 

0-495 

0-426 

Berzelius  has  not  separated  the  albumen  and  crystallin:  in  other 
respects  his  analysis  approximates  to  mine,  as  far  as  the  amount  of 
the  protein-compounds  is  concerned. 

He  found  it  composed  of: 


Water        -           .            -            . 

-        58-0 

Protcin-compoands 

35-9 

Alcohol-extract  with  ialts    - 

2*4 

Water-extract  with  traces  of  ialts    - 

1*3 

CeU-membrane        ... 

2-4 

It  has  been  shown  by  Wurzer  and  Lassaigne,  that  when  the  lens 
is  opaque  fin  cases  of  cataract)  it  contains  an  excess  of  phosphate  of 
lime.  This  may  be  the  cause  of  the  opacity,  or  it  may  be  due  to  the 
coagulation  of  the  protein-compounds  by  the  presence  of  a  free  acid. 
Wurzer  determined  the  composition  of  an  opaque  lens  from  a  bear. 
It  contained  (after  the  removal  of  the  water:} 

Phosphate  of  lime             .....  68*9 

Caihonate  of  lime             .....  12^ 

Caibonate  of  magnesia      .....  3*6 

Peroxides  of  iron  and  manganese              •           -           -  0*7 

52* 
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MiicwC!)           -           -           -           ...  7-5 

Pboiphate  of  Imie  widi  an  animal  matter   -           -           -  1^1 

Chloride  of  aodiom  with  animal  matter      -           -           •  M 

Solid  frt M 

Lassaigne  analyzed  an  opaque  lens  from  a  horse.    It  contained: 

Coagulated  albumen           •  •  •  29*3 

FbcMphateoflimB              •  -  -  57-4 

Caibonate  of  lime               -  -  -  1'6 

Solubfe  nlte  and  oCber  mattan  •  17*7 

The  vitreous  humour  is  perfectly  clear  and  contains  a  very  small 
amount  of  solid  constituents  in  solution.  It  is  enclosed  in  numerous 
compartments  by  a  very  delicate  transparent  membrane.  On  re- 
moving it  by  gentle  pressure  from  this  membrane,  and  evaporating 
it  to  dryness,  it  yields  only  016^  of  a  colourless  residue  consisting 
for  the  most  part  of  chloride  of  sodium.    Berzelius  obtained  from  it: 

Water       ---.--  9W0 

Albmnai    -•-•--  0*16 

Chloride  of  sodium  with  a  little  extradite  matter      -  1*42 

A  subetanoe  soluble  in  water           -            -    '        -  0O2 

The  aqueous  humour  contains,  according  to  Berzelius: 

Water 96-10 

Albumen   -...--  a  mete  trace 
Chloride  of«)d]nm  with  a  little  akohol-extract          •  1*15 

Extractire  matter  aoluble  onl^r  in  water        -  -         0*75 

The  Arteries  and  Feins. 

Very  little  is  known  with  certainty  regarding  the  chemical  com- 
position of  the  different  coats  of  the  blood-vessels,  but  their  micro- 
scopic characters  have  been  thoroughly  examined  by  Henle.  Ber- 
zelius has  shown  that  the  middle  coat  of  the  arteries  belongs  to  the 
elastic  tissues;  Eulenberg,  on  the  other  hand,  asserts  that  from  30 
grains  of  dried  arterial  membrane  (middle  coat)  he  obtained,  by  three 
successive  boilings^  occupying  in  all  120  hours,  11  grains  of  dried 
substance  which  dissolved  in  water  and  gelatinized  on  cooling. 
Valentin  found  that  an  acetic-acid  solution  of  arterial  membrane  is 
precipitated  by  ferrocyanide  of  potassium,  and  I  have  obtained  a 
solution  of  the  middle  coat  (by  boiline  it  in  water  for  ten  hours) 
which  is  strongly  precipitable  by  acetic  acid.  The  greater  part  of 
the  precipitate  dissolves  in  an  excess  of  the  acid,  and  is  again  thrown 
down  by  ferrocyanide  of  potassium:  tannin,  bichloride  of  meitury, 
and  basic  acetate  of  lead  cause  considerable  turbidity. 

77ic  Muscles. 

Muscular  fibre  is  chemically  distinguished  from  the  fibre  of  cel- 
lular tissue  by  the  circumstance  that  it  does  not  yield  gelatin  by  pro- 
longed boiling  in  water,  but  dissolves  in  acetic  acid,  from  which  it 
may  be  precipitated  by  ferrocyanide  of  potassium,  showing  that  it 
belongs  to  the  protein-compounds.  The  microscopic  characters  of 
the  various  species  of  muscular  fibre  have  been  well  described  by 
Henle. 
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In  consequence  of  the  difficulty  that  exists  in  separating  muscular 
fibre  from  cellular  tissue,  vessels,  and  nerves,  it  is  impossible  to  speak 
with  certainty  respecting  the  behaviour  of  pure  muscle  towards  re- 
agents. If  very  small  pieces  of  muscle  are  freed  as  much  as  possible 
from  fat  and  cellular  substance,  and  immersed  in  water,  blood,  co- 
louring matter,  and  the  extractive  matter  with  which  muscle  abounds^ 
are  gradually  taken  up,  and  colourless  muscular  fibres  are  leflL 

Cold  water  and  alcohol  produce  little  6fiect  on  them,  but  in  boiling 
water  they  first  contract  and  become  firm,  and  subsequently  soften. 
Concentrated  acetic  acid  dissolves  them ;  in  the  dilute  acid  they  swell 
and  assume  a  transparent  fibrous  appearance.  The  alkaline  carbo- 
nates increase  their  firmness.  Solutions  of  muscular  fibre  in  dilute 
acids  are  precipitated  by  ferrocyanide  of  potassium  and  tannin  in  a 
precisely  similar  manner  to  acid  solutions  of  fibrin.  Dried  muscular 
fibre  may  be  easily  pulverized;  in  that  condition  it  resembles  the 
whole  class  of  protein-compounds  in  exhibiting  strong  positively 
electrical  properties. 

On  making  incisions  into  the  warm  flesh  of  an  animal  just  killed, 
we  obtain,  by  pressure,  an  acid  fluid  which  rapidly  coagulates  in 
consequence  of  the  presence  of  a  little  fibrin:  if  the  flesh  has  been 
kept  for  some  time  the  fluid  obtained  by  pressure  no  longer  coagu- 
lates, although  it  exhibits  an  acid  reaction.  No  quantitative  analysis 
of  human  flesh^  has  yet  been  made,  but  the  flesh  of  several  animals 
has  recently  been  submitted  to  analysis.  The  amount  of  water 
averages  about  80§,  and  the  greater  part  of  the  solid  residue  consists 
of  fibrin;  the  other  constituents,  albumen,  hsmato-globulin,  fat,  ex- 
tractive matters,  lactic  acid,  the  lactates  and  other  salts  occur  in  the 
expressed  juice.  The  proportions  of  these  constituents  have  been 
determinedf  by  Berzelius,  Braconnot,  Schlossberger,  Schultz,  [and 
Marchand.]     In  the  flesh  of  oxen  they  found: 

BArzeltas. 
Water        -  -  -        7717 

Fibrin,  cells,  vcmela  Sc  nerves  17*70 
Albumen  &,  hoemato-globulin  2-20 
Alcohol-extract  and  salts  -  1*60 
Water-extract  and  salts  -  1*05 
Phosphate  of  lime  with  albumen  0*03 
Fat  and  loss  -  -         ^        -       —  —  0K)8  — 

[The  dried  muscular  flesh  of  the  ox  has  been  analyzed  by  Play- 
fair  and  B5ckmann,  and  found  to  be  identical  in  its  composition 
with  dried  blood : 

I  [The  following  analyses  of  human  flesh  bjr  Marchand  (Lchibuch  der  Physiologischpn 
Chemie,  p.  15G)  and  L'Heretier  (Trait6  de  Chemie  Pathologique,  p.  660)  have  appeared 
since  the  publication  of  Simon's  Cbemistiy.  The  flesh  in  the  flrat  analysis  was  taken  from 
the  upper  portion  of  die  arm  of  a  man  who  died  from  diseased  liver. 

Water  and  loss 
Matter  insoluble  in  cold  water 
Soluble  albumen  with  colouring  matter 
Alcohol-extract  with  salts 
Water-extract  with  salts 
Phosphate  of  lime,  with  albumen 


•eon  not. 

SchloMbenrsr. 

Schalts. 

Marcband. 

77*03 

77*50 

77*50 

76*60 

18*18 

17*50 

15*00 

18*00 

2*70 

220 

4*30 

2-50 

1*94 

1*50 

1*32 

1*70 

115 

1*30 

1*80 

1*10 

—. 

traces 

._ 

0-10 

Marchand. 

L*Hereti 

78*00 

7710 

17  00 

15*80 

2*30 

3*40 

J-60 

1*20 

1*00 

2^ 

0*10 

-] 
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FlMii[beef.] 

Oi-Uood. 

Pltjrftiir. 

—       » 

Playfair. 

tockwaa 

.        51-63 

61-69 

51-95 

51-96 

7-67 

7-69 

7*17 

7-33 

l&Ol 

1&05 

15<>7 

1508 

-        21-37 

21-24 

21-39 

21-91 

4'«3 

4-23 

4^ 

442 

Caibon 
Hjrdrogen     - 
Nitrogea 
Oxygen 
Alba 

Deducting  the  ashes  or  inorganic  matter^  the  composition  of  the 
organic  part  is: 

Caitxn  -  -  54-12  54-18  54*19  54-80 

Hydrogen  -  -  7-89  7-93  748  7-66 

Nitrogui  -  -  15-67  1571  '     1572  1573 

Oxygen  -  -  22-32  22-18  22-31  22-12 

which  corresponds  to  the  formula  C  H^N^O^^. 

In  100  parts  of  the  ashes  yieldea  by  the  incineration  of  ox-flesh 
Enderlin  &und : 

ChlondeeofiodiiunandpolaMium       -  -        45,905  j  «'*^'«»' •»««"«»  ■«•■ 

Phoflpbates  of  lime^  magnwiw,  end  peiaxide  of  iroo        -  6-640  iofoluble  ntti 

-  -  -  2-124 
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'  The  following  analyses  of  the  flesh  of  other  animals  haye  been 
made  by  Schlossberger: 


Calf. 


SwlM.      Roe.   Pifeoii.   Cliiekea.  Carp,  Tnwt. 

Water                 -           •       797  7842  78-3  76-9  760  77-3  80-1  80« 

Muscular  fibre  and  veffiols          15-0  16-2  16-8  18-0  17-0  16-5  120  11-1 

ADnmien  and  hsmato-globulm     3-2  20        2-4  3-3  4-5  3-0  5-2  4-4 

Alcohd-eztract  with  salta             11  1-4        17 >  o^  H'^'  ^4  lO  lO 

Water-extract  with  salti              10  16        OS)  ^*  (l-5  12  17  02 

f  hoqihate  of  lime  with  albumen  01  treoea  traces  0*4  —  0  6  —  2-2 

The  analyses  of  Schultz  correspond  in  many  points  with  those  of 
Schlossberger.  In  calves'  flesh  Schultz  found  a  little  more  animal 
fibre  than  Schlossberger:  in  the  flesh  of  a  pig  four  weeks  old  Schultz 
found  21-1  parts  of  muscular  fibre  and  3*45  of  albumen  and  hsBmato- 
globulin;  and  in  the  flesh  of  a  pig  two  years  and  a  half  old  he  found 
20-3  parts  of  the  former  and  4*2  of  the  latter.  Schultz  also  found 
that  the  amount  of  muscular  fibre  was  less  in  the  flesh  of  fishes  than 
in  that  of  the  mammalia :  thus  in  the  flesh  of  cyprinus  nasus  and  cypri- 
nus  barbus  the  proportions  of  fibre  were  13*5  and  17*18  respectively. 

[We  may  take  this  opportunity  of  noticing  an  interesting  paper 
by  Helmholtz^^  on  the  consumption  of  tissue  during  muscular  action. 

Powerful  muscular  contractions  were  induced  by  passing  an  elec- 
tric current  through  the  amputated  leg  of  a  frog  as  long  as  convul- 
sions continued  to  be  manifested.  The  flesh  of  the  two  legs  was 
then  analyzed.  The  albumen  was  apparently  scarcely  afiected,  the 
mean  of  6  experiments  giving  2'lOg  of  albumen  in  the»  electrized , 
and  2*1 3 J  in  the  non-electrized  flesh.  With  regard  to  the  extractive 
matters  it  appeared  that  in  all  the  experiments^  without  a  single  ex- 

1  MiiUer'a  ArchW.  1645. 
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ceptioiii  the  water-extract  in  the  electrized  flesh  was  diminished, 
while  on  the  other  hand  the  spirit-  and  alcohol-extracts  were  in- 
creased by  that  process.  The  results  are  expressed  in  the  following 
tables. 

AlcohoUeitraet  firom  100  parts  of  recent  (htg'a  flesh. 


6.  In  non-electrized  muscle. 

a.  :  i. 

SMS 

0-73 

0«8:  1 

1*58 

1-06:  1 

Exp.  0.  In  electrized  portion.  ft.  In  non*electrized  portion.  a.     :  ft. 

1  0*752  0^6  1-S4  :  1 

2  0*SG9  0*427  1-33  :  1 

3  0-664  (M81  1*38  :  1 

4  0<)52  0-493  1*32  :  1 
6  0-575  0-433  J-33  :  1 

Extracted  with  alcohol  of  P5  per  cent 

6  •  1-020  0-748  1*36  :  1 

Water-extract.  Sobrit-extract. 

a.        ft.  a.  :  ft.  a.  o.  a.  :  ft. 

7  1-21    1-63       0-79  :  1  1-69  1-50        1-13  :  1 

8  0-93    1-23       0-76  :  I  1-65  1-35        1*22  :  I 

9  0*72    0-90        0*80  :  1  1-76  1-53        1-15  :  1 
Mean        0*95    1-25       0-78  :  1  1-70  1*46        1-16  :  1 

The  amount  of  fat  was  unaffected.  No  urea  could  be  found  in  the 
alcohol-extract 

There  is  great  difficulty  in  performing  experiments  of  this  nature 
on  warm-blooded  animals,  in  consequence  of  the  rapidity  with  which 
isolated  portions  of  muscle  lose  their  irritability. 

The  best  results  were  obtained  with  decapitated  pigeons. 

a.  In  electrized  masde. 
Annmen  -       2K)4 

Water-extract    -        0-64 
Spirit-extract     -       1-68 

It  remains  to  be  considered  whether  the  fibrin  takes  part  in  this 
decomposition :  h  priori  we  should  infer  that  it  did,  for  the  protein- 
compounds  seem  universally  the  conductors  of  the  highest  vital  ener- 
gies, and  further  the  increased  amount  of  sulphates  and  phosphates 
m  the  urine  after  muscular  exertion  indicates  a  decomposition  of  the 
sulphur  and  phosphorus  compounds. 

The  above  facts  sufficiently  show  that  muscular  action  is  always 
accompanied  by  a  chemical  change  in  the  composition  of  the  acting 
muscle.] 

The  Brain,  Spinal  Cord,  and  Nerves. 

Chemical  analyses  of  the  brain,  spinal  cord,  and  nerves  are  not  cal- 
culated to  throw  much  light  on  the  functions  of  the  nervous  system 
in  relation  to  the  animal  organism. 

According  to  the  analyses  of  Couerbe,  the  mass  of  the  brain  con- 
tains five  different  sorts  of  fat,  viz.  cholesterin,  eleencephol,  cerebrot, 
stearoconot,  and  cephalot.^  Fr6my,  who  has  paid  much  attention  to 
the  subject,  found  albumen,  cholesterin,  two  peculiar  acids — cere- 
bric  ana  oleo-phosphoric  acids,  besides  traces  of  olein,  margarin,  and 
their  acids,  in  the  brain.  These  acids  are  partly  free  and  partly  (espe- 
cially the  oleo-phosphoric)  combined  with  soda. 

<  See  p.  75. 
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These  fatty  matters  arc  contained  almost  exclusively  in  the  white 
or  medullary  substance;  after  their  removal  a  substance  remains,  ana- 
logous to  the  gray  matter.  Fr6my  has  also  detected  these  peculiar 
acids  in  the  spinal  cord  and  nerves. 

The  quantity  of  water  in  the  brain  is  very  considerable,  and 
amounts  to  about  80j :  Fr6my  estimates  it  at  88gy  the  remaining  12 J 
consisting  of  7g  of  albuminous  matter  insoluble  in  alcohol,  ether, 
and  water,  and  5g  of  the  aforesaid  fats,  and  their  compounds. 

Denis  found  in  the  brain  of  a  man  aged  20  years: 

Water 7fH) 

AUiomen     .....  7*3 

rtioephorized  &t     ....  12^ 

Extractive  matter  and  nits             -           -  1*4 

In  the  brain  of  a  man  aged  78  years,  he  found: 

Water        .....  760 

Albumen    .....  T-S 

Phoephoroed  &t     ....  13>1 

Extractive  matter  and  nlta  •           •           -  2*5 


Vauquelin  found  in  the  human  brain : 


Water 

Albumen    - 

Fat 

Pboflphoma 

Extractive  matter 

Acida,  baaca,  and  sulphur 


7000 
7*00 
&83 
1*50 
M2 
&15 


Lassaigne  has  made  the  following  analyses  of  the  brain  of  an  in- 
sane person : 

Cortical  and  mftdullary  Conical   -  Mrdnllary 

■ubstance  together.  sulMUnoe.  mbatance. 

Water           ....  77*0  85*0  73H) 

—  Albumen      '  -           -            .  .  9*C  7^  9-9 

ColourieflB&t             •           -  -  7*2  1*0  19-9 

Red&t          -           -           -  -  3*1  3*7  0^ 

Extractive  matter,  lactic  adds,  salts  -  2-0  1*4  IH) 

Phosphates  of  lime,  magnesia,  and )  i  i  i^  i  o 

peroxide  of  iron      .           .       J  ^'^  ^^  *''» 

[The  following  table  has  been  drawn  up  by  L'Heretier*  from  his 
own  researches.  The  numbers  in  each  instance  represent  the  mean 
of  six  analyses: 

InfdiitB.  Youths.  Adultf.  Affcd  penons.  Idiots. 

Water        -           -           -    82-79  74*26  72*51           73*85  70^ 

Albumen    •            -           -      7*00  10*20  9*40             8-65             8-40 

Fat            ...      3-45  5-30  6*10             4*32             5*00 

Osmazome  and  salts            .      5*96  8*59  10-19           Id-lS  14*82 

Phosphorus             -           -      0*80  1*65  1*60             1-00              0-35] 

According  to  Vauquelin,  the  medulla  oblongata  and  the  spinal 
cord  contain  the  same  constituents  as  the  brain,  but  a  larger  propor- 
tion of  fats  and  a  less  amount  of  albumen,  extractive  matter,  and 
water. 

[L'Hereticr  found  that  the  spinal  cord  of  an  adult  was  composed  of: 

>  Trait6  de  Chim.  pathol.  p.  596. 
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• 

Water         ....  71-05 

Albumen      -           -           -           -  7*30 

Fat              ....  8^ 

Oamazome    -           .           •           .  11'50 

Phoephoros  ....  1-90 

The  nerves,  according  to  the  same  chemist,  contain  more  albumen, 
less  solid  and  more  soft  fat  than  the  brain.] 

On  boiling  the  nerves  in  alcohol  a  fluid  fat  exudes  which  sinks  to 
the  bottom  of  the  vessel:  on  boiling  them  with  water  they  swell  but 
do  not  dissolve.  The  albumen  of  the  medullary  portion  dissolves  in 
a  weak  solution  of  potash,  the  fat  swims  on  the  surface,  and  the 
neurilema  remains.  On  treating  the  nerves  with  acetic  acid  the  me- 
dullary portion  is  expressed  by  the  contraction  of  the  tubes,  which 
are  themselves  unacted  on. 

Fat. 

The  fat  contained  in  the  fat-cells  is  a  mixture  of  margarin  and 
olein  in  man  and  the  camivora,  of  stearin  and  olein  in  theruminantia. 
Human  fat  usually  occurs  in  a  fluid  or  semifluid  state,  consisting  of  a 
solution  of  margarin  in  olein,  from  which  the  margarin  separates  on 
cooling  into  microscopic  stellar  groups. 

The  Glands. 

Our  knowledge  of  the  chemistry  of  the  glands  is  very  defective, 
and  in  all  probability  the  analysis  of  the  organs  will  never  throw  much 
light  on  the  process  of  secretion,  in  consequence  of  the  utter  impos- 
sibility of  separating  the  nerves,  vessels,  and  cellular  substance. 
Fromherz  and  Gugert  attempted  to  analyze  human  liver.  They  found 
in  100  parts: 

Water  ....        6179 
Solid  residue     •  •  •        38-21 

The  insoluble  parenchyma  formed  28*72 g,  and  the  portion  soluble 
in  water  and  alcohol  71*28§  of  the  solid  residue:  100  parts  of  dried 
liver  contained  2*634  of  salts,  consisting  of  chloride  of  sodium,  phos- 
phate and  a  little  carbonate  of  lime,  phosphate  of  potash,  and  traces 
of  peroxide  of  iron. 

In  the  liver  of  the  ox  Braconnot  found  water  55*50,  soluble  mat- 
ter 25*56,  walls  of  vessels  and  membrane  18*94. 

In  certain  morbid  conditions  of  the  system  the  liver  becomes 
much  affected.  Its  amount  of  fat  is  so  extraordinarily  increased  in 
certain  cases  as  to  conceal  the  true  structure ;  for  the  fat,  as  Rokitansky 
observes,  not  only  occupies  the  place  of  the  true  glandular  tissue,  but 
all  the  tissues  are  permeated  and  the  vascular  substance  perfectly 
overwhelmed.  This  morbid  condition  has  been  very  frequently  ob- 
served associated  with  pulmonary  phthisis,  and  is  a  consequence  of 
too  luxurious  a  life,  and  the  abuse  of  spirituous  drinks.  Eromherz 
and  Gugert  analyzed  a  liver  of  this  nature.  It  weighed  twelve 
pounds^  and  had  a  soft  caseous  appearance.     Its  true  organization 
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appeared  entirely  destroyed.  It  contained  a  non-saponifiable  6t 
with  a  small  quantity  of  uncoagulated  albumen,  a  little  extractive 
matter,  casein,  salivary  matter,  a  few  shreds  of  vessels,  chloride  of 
sodium ,  and  phosphate  of  lime:  they  found  no  cholesterin,  fatty  acidly 
or  bilifellinic  acid. 

[A  fatty  liver  analyzed  by  Frerich,^  yielded : 

Water •  73-09 

*     Solid  cooititaails   .           .  •  .  SMI 

Fat  oGDtainiDg  pboifhorai  •  17*96 

ADxmKn           .           -  •  .  •  d'OT 

VetBb  and  hepa^  oeDi  •  -  •  •  4*00 

WatBMntiact     .           .  -  •  •  0*48 

Akohol-eztnct  -           .  .  .  •  I'SO 

A  waxy  liver  (a  variety  of  the  above)  yielded; 

Water 8(MM) 

Solid  oonrtitaentB IMO 

Fat  oontaming  phoaphoraa,  and  dioleiterin  8^ 

ADmnioQ           .           •           •           •           •  2rQ0 

Veanb  and  hepatic  oelk  -                       •           •  3-60 

Watar«xtmct     .           •           •           •           .  7O0 

ModtMA^Ktmi  -          •           •           •  4*60 

The  two  following  analyses  have  been  made  by  Boudet: 

FactjrUm.  HteHlvHTir. 
Water      •           -           -       65-15  76^ 

Solid  coDadtaenfi  -  -       444»  8»61 

Animal  matter  dnediA  2120    13.39  skm) 

Saponifiabld  frt  -  •        30-20  1-60 

Choleaterm         -  -         1-33  0-17] 

The  thyroid  gland  has  been  analyzed  by  Fromherz  and  Ougert, 
and  the  thymus  by  Morin. 

The  kidneys  have  been  submitted  to  analysis  by  Berzelius«  From 
two  experiments  he  concludes  that  the  kidneys  are  made  up  of  a 
congeries  of  minute  vessels,  and  that  the  tubes  contain  a  very  albumi- 
nous acid  fluid,  in  which  there  is  no  dissolved  fibrin,  and  in  which 
not  a  trace  of  urea  can  be  detected. 

[According  to  Boudet,  the  parenchyma  of  the  lunes,  freed  as  much 
as  possible  from  blood  and  extraneous  substances,  is  formed  of  the 
following  chemical  elements: — Ist,  a  substance  susceptible  of  trans- 
formation into  gelatin  by  ebullition  in  water,  (cellular  tissue;}  iSd,  a 
substance  soluble  in  cold  water,  precipitated  by  nitric  acid,  coagulated 
by  heat,  containing  albumen  and  haematin;  3d,  a  substance  analogous 
to  casein;  4th,  fibrin;  5th,  free  oleic  and  margaric  acids;  6th,  oleate 
and  margarate  of  soda;  7th,  cerebric  acid;  8th,  lactic  acid;  9th,  cho- 
lesterin amounting  to  0*5g  of  the  weight  of  the  lungs  dried  at  212^; 
10th,  the  water  amounting  to  82§.  The  ash  contained  a  considerable 
quantity  of  chloride  of  sodium  and  sulphate  of  soda,  a  small  quantity 
of  phosphate  and  carbonate  of  lime,  and  traces  of  silica  and  peroxide 

of  iron.] 

1  Sdmiidfs  JahibOcher,  vol  48,  p.  14a 
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OtoKthes. 


The  membranous  labyrinth  of  the  ear  contains  a  rather  viscid 
fluidi  which,  however,  never  occurs  in  sufficient  quantity  to  admit 
of  chemical  examination.  In  this  fluid  there  are  found  minute  six 
or  eight-sided  crystals  (otolithes,)  which,  however,  are  generally  so 
worn  at  the  angles  and  borders  that  the  crystalline  form  can  be 
DO  longer  recognised.  They  appear  to  consist  for  the  most  part  of 
the  carbonates  of  lime  and  magnesia  combined  with  animal  matters^ 
and  not  unfrequently  with  phosphates. 


CHAPTER  XII. 

SOLID  MORBID  PRODUCTS. 

Concretions. 

These  morbid  products  are  of  frequent  occurrence.  They  are 
found  in  various  organs,  especially  in  those  through  which  fluid 
glandular  secretions  are  discharged.  They  then  consist  for  the  most 
part  of  the  most  insoluble  constituents  of  that  fluid,  although  they 
occasionally  contain  substances  foreign  alike  to  the  secretion  and  to 
the  whole  organism,  and  produced  by  a  depraved  formative  process. 
Concretions  are,  however,  also  met  with  in  other  situations,  as  the 
brain,  the  cavities  of  the  heart,  the  arteries,  &c. 

The  substances  ordinarily  entering  into  the  composition  of  con- 
cretions  are  by  no  means  numerous.  Some  concretions  are  formed 
of  one  constituent  alone,  while  others  have  a  mixed  composition. 
The  following  substances  must  be  viewed  as  true  formative  constitu- 
ents, not  as  mere  accidental  admixtures:  uric  acid  with  its  salts,  uric 
oxide  (xanthic  oxide,)  cystin,  hippurate  of  ammonia,  basic  and  neutral 
phosphate  of  lime,  ammoniaco-magnesian  phosphate,  oxalate  of  lime, 
carbonate  of  lime,  carbonate  of  magnesia,  fibrin,  cholesterin,  and 
biliphaein:  the  accidental  components  are  mucus  of  the  urinary  and 
gall-bladders,  albumen,  hsBmato-globulin,  bilifellinic  acid,  fat,  extractive 
matters,  chloride  of  sodium,  and  lactate  of  soda. 

The  principal  object  in  the  analysis  of  concretions  is  to  determine 
the  nature  of  the  leading  constituents,  and  this  may  be  easily  effected 
even  by  persons  little  skilled  in  chemical  manipulation.  A  blow^ 
pipe,  a  little  platinum  foil,  and  a  few  tests,  comprise  all  the  requisite 
apparatus. 

Qualitative  analysis  of  concretions.  ** 

On  heating  a  little  of  the  concretion  on  platinum  foil  with  the 
blowpipe,  three  things  may  happen:  the  portion  tested  may  entirely 
disappear,  or  a  part  may  disappear,  while  the  rest  becomes  whitened 
53 
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by  incineration,  or  finally,  it  may  become  blackened  without,  or  with 
very  slight  diminution  in  size; 

1.  If  the  tested  portion  disappear  entirely,  it  may  consist  of  uric 
acid;  urate  of  ammonia,  or  both,  hippurate  or  benzoate  of  ammonia, 
uric  oxide,  cystin,  cholesterin,  biliphasin,  fibrin,  albumen,  or  hair. 

a.  It  is  uric  acid  if,  when  carbonized  by  exposure  to  heat  on 
platinum  foil,  it  gives  ofi*  a  peculiar  animal  odour  resembling  hydro- 
cyanic acid,  and  diminishes  to  a  scarcely  visible  residue;  when  a 
portion  of  the  concretion  heated  with  nitric  acid  dissolves  therein  with 
efiervescence,  and,  after  evaporation  nearly  to  dryness,  assumes,  on 
the  addition  of  ammonia,  a  beautiful  purple  tint;  and  when  it 
dissolves  thoroughly  in  a  weak  solution  of  caustic  potash  or  its  car- 
bonate, and  at  the  same  time  is  insoluble  in  water,  alcohol,  and 
dilute  hydrochloric  acid. 

b.  It  is  urate  of  ammonia  (which  seldom  occurs  alone)  if  it  behaves 
before  the  blowpipe,  and  with  nitric  acid,  in  just  the  same  manner  as 
uric  acid,  but  at  the  same  time,  evolves  an  ammoniacal  odour  when 
heated  on  platinum  foil,  and  develops  a  considerable  amount  of  free 
ammonia  on  being  triturated  with  caustic  potash;  and  if  it  dissolves  in 
boiling  water. 

c.  It  is  uric  or  xanthic  oxide  if  it  burns  without  the  peculiar  odour 
of  uric  acid,  if  it  dissolves  without  efiervescence  in  hot  nitric  acid,  and 
the  evaporated  solution  when  treated  with  ammonia  assumes,  not  a 
rich  purple,  but  a  dark  yellow  colour;  and  if,  finally,  it  is  insoluble  in 
a  dilute  solution  of  carbonate  of  potash. 

d.  It  is  cystin  if  it  burns  before  tlie  blowpipe  with  a  blue  flame, 
emitting  at  the  same  time,  a  puneent  acid  oclour;  if  when  treated 
with  nitric  acid  it  assumes  (instead  of  a  purple  or  yellow)  a  brown 
tint;  if  it  dissolves  in  a  dilute  solution  of  carbonate  of  potash,  and  in 
caustic  ammonia,  and  if  it  crystallizes  from  the  latter  in  six-sided 
plates,  easily  recognised  under  the  microscope.^ 

e.  It  contains  benzoate  of  ammonia  if  alcohol  extracts  a  substance 
which,  after  evaporation  is  soluble  in  water,  and  if,  on  the  addition 
of  hydrochloric  acid  to  the  aqueous  solution,  crystals  are  separated, 
which  dissolve  readily  in  alcohol  and  evolve  an  odour  of  benzoic 
acid. 

f.  It  is  cholesterin  if  the  concretion  exhibits  a  crystalline  charac- 
ter, if  the  portion  under  examination  burns  with  a  bright  flame,  if  it 
dissolves  in  boiling  alcohol,  and  separates  from  it  on  cooling  in 
crystalline  plates  or  scales,  and  if  it  does  not  dissolve  in  caustic 
potash. 

g.  Biliary  resin  is  a  frequent  constituent  of  biliary  calculi,  but 
never  occurs  alone.     It  may  be  easily  recognised   by  Its  solubility 

1  [In  order  to  detoct  die  presenco  of  cystin,  a  portion  of  the  raspecfied  calcnlos  dioiild  be  dis- 
flolveil  in  a  strong  solution  of  caustic  potash,  and  a  solution  of  acetale  of  lead  added  in  excess; 
the  liquid  must  then  be  heated  to  die  boiling  point  If  c^rstin  be  present,  insoloUe  subhuret 
of  lead  is  formed,  which  at  Bnt  gtyes  die  liquid  die  aspect  of  ink,  but  is  shortly  precipitated, 
while  oxalate  of  ammonia  remains  in  solatiaQ.] 
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in  alcohol,  by  its  extremely  bitter  taste,  and  by  its  separation  from 
its  alcoholic  solution  on  the  cautious  addition  of  water. 

h.  It  is  biliphaein  if  it  has  a  brown  or  ochre-yellow  colour,  if  it 
evolves  an  animal  odour  on  burning,  if  it  is  only  slightly  soluble  in 
alcohol  and  water,  but  freely  in  caustic  potash,  communicating  to  it 
a  dark  brown  tint,  and  if  the  addition  of  nitric  acid  to  this  solution 
causes  the  well  known  change  of  colour. 

i.  It  is  fibrin  if  it  softens  when  heated  on  platinum  foil  and  evolves 
an  odour  of  burnt  horn,  burning  with  a  clear  flame,  and  leaving 
scarcely  any  residue;  if  it  dissolves  in  caustic  potash  from  which  it 
is  precipitable  by  acetic  acid,  and  finally,  if  it  dissolves  in  an  excess 
of  acetic  acid  from  which  it  is  precipitable  by  ferrocyanide  of  potas- 
sium. It  must  be  remembered  that  this  description  applies  equally 
to  albumen. 

Ar.  Concretions  containing  hair  may  be  known  by  their  light 
specific  gravity,  and  by  their  appearance  on  making  a  section.  When 
burned  they  develop  an  odour  of  burned  horn.  They  dissolve  in 
caustic  potash,  but  in  none  of  the  other  ordinary  solvents. 

2.  If  the  portion  submitted  to  examination  becomes  black  on  the 
first  application  of  heat,  and  only  slightly  diminishes,  it  may  consist 
of  the  earthy  phosphates,  carbonates,  and  oxalates,  or  of  the  urates 
with  fixed  bases,  for  then  the  uric  acid  becomes  converted  by  heat 
into  carbonic  acid,  and  the  bulk  of  the  specimen  does  not  very  per- 
ceptibly diminish. 

a.  It  is  neutral  phosphate  of  lime  (which  is  not  often  the  sole 
constituent)  if,  when  the  heat  is  continued,  it  fuses,  and  neither 
before  nor  afterwards  effervesces  with  acids;  if  it  dissolves  readily 
in  hydrochloric  acid,  from  which  it  is  precipitable  as  an  amorphous 
powder  by  ammonia;  and  if,  after  the  ammonia  ceases  to  cause  any 
further  deposit,  the  filtered  solution  yields  a  precipitate  to  oxalate  of 
ammonia. 

b.  It  is  basic  phosphate  of  lime  (which  never  occurs  alone,  but  is 
often  associated  with  the  salt  which  will  be  next  considered)  if  it 
easily  burns  white  but  does  not  fuse,  even  under  the  continued 
action  of  the  blowpipe.  It  fuses,  however,  when  combined  with  the 
following  salt  (c,)  and  its  fusibility  is  proportionate  to  the  amount  of 
the  magnesian  salt  present:  consequently  such  a  compound  may  be 
mistaken  for  the  neutral  phosphate  of  lime.  If  it  fuses  before  the 
blowpipe,  and  a  solution  in  dilute  hydrochloric  acid  yields  a  precipi- 
tate with  ammonia,  which,  under  the  microscope,  appears  in  the 
crystalline  form  represented  in  fig.  25;  or  if  after  the  hydrochloric- 
acid  solution  has  been  saturated  with  ammonia,  and  all  the  lime 
thrown  down  by  oxalate  of  ammonia  the  filtered  solution  again 
yields  a  precipitate  to  caustic  ammonia;  then  it  is  not  neutral  phos- 
phate of  lime,  but  the  basic  phosphate,  in  combination  with  the 
following  salt.  With  the  exception  of  the  blowpipe  test,  the  chemi- 
cal characters  of  these  two  compounds  are  similar. 

c.  It  is  ammoniaco-magnesian  phosphate  (which  usually  occurs  in 
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ealculi  associated  with  one  of  the  preceding  compounds)  if  it 
develops  a  disagreeable  ammoniacal  odour  before  the  blowpipe,  and 
then  fuses;  if  it  dissolves,  without  effervescence,  in  hydrochloric  and 
acetic  acids,  and,  after  the  solution  has  been  nearly  saturated  with 
ammonia,  is  not  affected  by  oxalic  acid,  but  is  precipitated  in  the 
beautiful  crystalline  form  represented  in  fig.  25,  by  an  excess  of  free 
ammonia. 

In  proportion  to  the  amount  of  basic  phosphate  of  lime,  mixed 
with  the  ammoniaco-magnesian  phosphate,  the  less  readily  it  fuses. 

d.  It  is  oxalate  of  lime  if  it  does  not  fuse  before  the  blowpipe,  if  it 
easily  burns  white,  and  distributes  a  brilliant  light;  if  the  heated 
specimen,  when  moistened  with  water,  does  not  dissolve,  but  ex- 
hibits  a  strong  alkaline  reaction,  and  dissolves  with  effervescence  in 
hydrochloric  acid  (or,  if  the  heat  has  been  long  continued  and  very 
intense,  without  effervescence;)  and  if,  after  the  solution  has  been 
neutralized  by  ammonia,  oxalate  of  ammonia  throws  down  a  precipi- 
Ute. 

If  the  specimen  is  not  affected  by  acetic  acid,  but  dissolves  readily 
in  nitric  or  hydrochloric  acid  without  effervescence,  and  is  precipi- 
tated therefrom  by  ammonia;  and  if,  farther,  the  nitric-acid  solution 
evaporated  nearly  to  dryness  and  treated  with  ammonia  develops  no 
purple  tint,  it  consists  of  oxalate  of  lime. 

e.  It  is  carbonate  of  lime  if  it  easily  burns  white  before  the  blow- 
pipe, and  in  other  points  resembles  oxalate  of  lime  after  exposure  to  a 
red  heat;  if  the  fresh  specimen  dissolves  with  effervescence  in  acetic 
or  hydrochloric  acid,  and  the  solution  is  not  precipitated  by  ammonia ; 
and  if  oxalate  of  amnxonia  throws  down  a  precipitate  from  the 
ammoniacal  solution. 

y.  It  is  urate  of  soda  (which  never  occurs  alone  in  urinary  concre- 
tions, but  is  found,  like  the  urate  of  potash,  in  small  quantity  in 
calculi  of  uric  acid  and  the  earthy  phosphates,)  if  it  fuses  readily 
before  the  blowpipe,  but  burns  white  with  difficulty,  and  communi- 
cates an  intense  yellow  tint  to  the  flame;  if  the  residue  (with  the 
exception  of  particles  of  carbon)  dissolves  easily  in  water,  to  which  it 
communicates  an  alkaline  reaction,  and  dissolves  with  effervescence 
in  hydrochloric  acid,  if  the  addition  of  bichloride  of  platinum  to  the 
filtered  solution  mixed  with  alcohol,  produces  no  deposit;  and  if  a 
fresh  specimen  dissolves  in  water  on  the  application  of  heat,  dissolves 
in  nitric  acid  without  effervescence,  and  the  solution,  after  evaporation 
nearly  to  dryness,  assumes  a  purple  tint  on  the  addition  of  ammonia. 

g.  It  is  urate  of  potash  if  it  behaves  exactly  like  urate  of  soda, 
(with  the  exception  of  communicating  a  yellow  colour  to  the  flame 
of  the  blowpipe;)  and  if  a  yellow  precipitate  is  formed  on  the 
addition  of  bichloride  of  platinum  to  an  alcoholic  solution  of  the  ash 
dissolved  in  hydrochloric  acid.  If,  in  conjunction  with  the  occur- 
rence of  the  yellow  precipitate,  the  specimen  communicates  an  intense 
yellow  colour  to  the  flame  of  the  blowpipe,  urate  of  soda  is  mixed 
■"•th  the  urate  of  potash. 
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A.  It  is  urate  of  lime  (which  never  occurs  alone,  but  is  usually 
associated  with  uric  acid  in  calculi)  if  it  burns  white  but  does  not 
fuse  before  the  blowpipe,  and  then  acts  in  the  manner  described  in 
(e;)  and  if  a  small  portion  of  the  fresh  specimen  dissolved  in  boiling 
water  aflTords  the  ordinary  evidence  of  uric  acid  when  treated  with 
nitric  acid  and  ammonia.  If  the  assay  slightly  fuses  and  runs 
together,  and  is  then  partially  soluble  in  water,  urate  of  soda  or 
potash  is  mixed  with  the  urate  of  lime;  the  solution  has  a  strong 
alkaline  reaction,  and  efiervesces  on  the  addition  of  an  acid. 

i.  It  is  urate  of  magnesia  (which  occurs  very  rarely  in  calculi,  and 
then  only  with  uric  acid)  if  it  readily  burns  white  before  the  blow- 
pipe, but  does  not  fuse;  and  if  the  residue  is  insoluble  in  water,  but 
soluble  without  (or  with  very  slight)  effervescence  in  dilute  sulphuric 
acid;  and  if  caustic  potash  throws  down  a  precipitate  from  this  solu- 
tion. 

k.  It  contains  silica  (a  rare  constituent)  if,  after  prolonged  expo- 
sure to  heat,  and  digestion  of  the  residue  in  hot  hydrochloric  acid,  an 
insoluble  residue  remains,  which  becomes  white  before  the  blowpipe, 
and  fuses  into  a  clear  bead  when  mixed  with  carbonate  of  potash  or 
soda. 

3.  The  specimen  may  be  partially  consumed  on  exposure  to  heat, 
while  the  residue  undergoes  no  further  change  under  the  action  of 
the  blowpipe.  Concretions  of  this  sort  are  by  no  means  rare;  they 
consist  of  a  mixture  of  the  compounds  of  the  1st  and  2d  classes.  In- 
deed, calculi,  composed  merely  of  one  of  the  substances  already  enu- 
merated, are  very  rare,  for  although  in  one  class  of  calculi,  uric  acid 
may  be  the  preponderating  constituent,  in  another  oxalate  of  lime, 
and  in  a  third  the  earthy  phosphates,  we  almost  always  find  associated 
with  these  substances  a  certain  amount  of  other  matters;  for  instance, 
uric  acid  and  the  urates  are  of  frequent  occurrence  in  calculi  chiefly 
composed  of  oxalate  of  lime  or  of  the  earthy  phosphates. 

Intestinal  concretions  consist  for  the  most  part  of  earthy  phosphates 
with  a  little  fat,  extractive  matters,  and  vegetable  fibre;  biliary  con- 
cretions, of  cholesterin  mixed  with  a  little  bile-pigment  and  biliary 
resin,  or  of  bile-pigment  and  biliary  resin  with  a  little  cholesterin. 
Other  classes  of  concretions  (with  the  exception  of  arthritic  concre- 
tions, which  consist  for  the  most  part  of  urate  of  soda)  are  composed 
of  earthy  phosphates  and  carbonates  combined  with  organic  (albumi- 
nous, extractive,  and  fatty)  matters. 

In  the  analysis  of  mixed  concretions  we  proceed  in  the  following 
manner: 

A.  We  incinerate  a  portion  in  a  platinum  crucible,  and  analyze  the 
residue;  if  it  burns  white  easily,  the  infusible  earths  preponderate;  if 
it  is  difficult  or  impossible  to  obtain  a  white  residue,  and  the  ash  re- 
mains fused  and  blackish,  then  the  fusible  earths  or  the  alkalies  pre- 
ponderate. The  residue  may  consist  either  of  (I)  earthy  phosphates 
alone,  which  may  be  recognised  by  the  rules  given  in  2,  o.  A,  and  c, 
or  of  (2)  earthy  phosphates  and  carbonates,  the  latter  originating  from 
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earthy  urates,  or  oxalate  of  lime.  (In  this  case  we  recognise  the 
presence  of  earthy  carbonates  (or  of  caustic  earths,  if  the  heat  has 
been  too  intense  and  prolonged,)  by  the  rules  laid  down  in  2,  d^  e, 
and  A.) 

4.  The  residue  may  consist  of  earthy  phosphates  and  carbonates, 
and  alkaline  carbonates,  if  alkaline  urates  occur  in  the  concretion.  In 
order  to  detect  the  alkaline  carbonates  the  residue  must  be  pulve- 
rized and  extracted  with  water;  on  the  evaporation  of  the  decanted 
water  the  alkaline  carbonates  will  remain,  and  may  be  recognised  bv 
the  rules  given  in  2,  f^  and  g.  The  portion  insoluble  in  water  is 
readily  dissolved  in  dilute  hydrochloric  acid,  usually  with  a  slight 
effervescence. 

Ammonia  precipitates  the  earthv  phosphates  from  this  solution; 
after  filtration  oxalate  of  ammonia  throws  down  the  lime,  and  after  a 
second  filtration  phosphoric  acid  and  ammonia  cause  a  precipitation 
of  the  magnesia. 

5.  Silica  may  be  easily  recognised  bv  the  rule  given  in  2,  k. 

B.  The  portion  consumed  and  expelled  by  exposure  to  heat,  con- 
sists of  uric  acid,  of  urate  of  ammonia,  of  the  oxalic  acid  of  oxalate  of 
lime,  which  is  converted  into  carbonic  acid,  of  the  carbonic  acid  of 
carbonate  of  lime,  which  is  expelled  at  a  high  and  prolonged  tempe- 
rature, of  cystin,of  ammonia  yielded  by  ammoniaco-magnesian  phos- 
phate, of  cholesterin  or  other  fats,  of  bile-pigment,  bilin,  extractive 
matters,  or  other  animal  or  vegetable  substances  mechanically  entan- 
gled, as  mucus,  albumen,  or  vegetable  fibre. 

We  may  convince  ourselves  of  the  presence  of  uric  acid  by  ob- 
serving the  action  of  nitric  acid  and  ammonia  on  a  portion  of  the 
specimen,  and  its  salts  may  be  demonstrated  by  extraction  with  boil- 
ing water,  and  the  addition  of  nitric  acid  to  the  nearly  dried  residue. 
The  presence  of  oxalic  acid  may  be  shown  by  the  digestion  of  the 
same  portion  in  hydrochloric  acid  (the  urates  having  been  previously 
extracted  by  water;)  on  the  addition  of  ammonia,  oxalate  of  lime  is 
precipitated,  which,  after  heating,  dissolves  with  effervescence  in  the 
same  acid.  The  presence  of  carbonic  acid  in  the  specimen  may  be 
shown  by  the  effervescence  produced  on  the  immersion  of  a  fragment 
in  hydrochloric  acid ;  the  presence  of  ammonia  dependent  on  the  am- 
moniaco-magnesian phosphate,  by  its  development  on  triturating  a 
portion  with  caustic  potash,  the  urate  of  ammonia  having  been  pre- 
viously removed  by  boiling  water;  the  presence  of  cystin,  by  digest- 
ing the  specimen  in  caustic  ammonia,  and  observing  the  six-sided 
plates  in  which  it  crystallizes  on  the  spontaneous  evaporation  of  the 
ammonia;  the  presence  of  cholesterin  (in  human  biliary  calculi,)  of 
biliphaein  (in  the  biliary  calculi  of  cattle,)  of  hair,  and  of  vegetable 
fibre,  may  be  determined  after  some  practice  by  the  internal  struc- 
ture and  the  colour  of  the  concretion. 

In  this  simple  manner  we  may  arrive  at  a  knowledge  of  the  qua- 
litative composition  of  a  calculus;  the  analysis  is,  however,  in  some 
respects  facilitated  by  a  knowledge  of  its  origin.     We  know^  for  in- 
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stance,  that  uric  acid  and  its  salts  occur  only  in  renal,  vesical,  and 
arthritic  concretions;  that  the  earthy  phosphates  occur  equally  in  in- 
testinal and  vesical  calculi;  and  that  carbonate  of  lime  is  a  common 
constituent  of  concretions  in  the  brain,  nose,  and  salivary  glands; 
while,  on  the  other  hand,  oxalate  of  lime  is  almost  exclusively  found 
in  renal  and  vesical  calculi,  and  cholestcrin,  bile-pigment,  and  biliary 
resin  only  in  gall-stones. 

On  vesical  and  renal  calculi  in  man. 

• 

The  concretions  of  most  importance  in  relation  to  practical  medi- 
cine, are  vesical  and  renal  calculi  and  gravel,  llie  constituents  of 
urinary  calculi,  according  to  the  statements  of  difierent  observers,  are, 
1,  uric  acid;  2,  urate  of  ammonia;  3,  urate  of  soda;  4,  urate  of  mag- 
nesia; 5.  urate  of  lime;  6,  benzoate  or  hippurate  of  ammonia;  7,  oxa- 
late of  lime;  8,  oxalate  of  ammonia;  9,  uric  or  xanthic  oxide;  10, 
cystin;  II,  neutral  and  basic  phosphate  of  lime;  12,  ammoniaco-mag- 
nesian  phosphate;  13,  carbonate  of  lime;  14,  carbonate  of  magnesia; 
15,  fibrin;  16,  silica.^  Mixed  with  these  constituents  we  likewise 
meet  with  fat,  extractive  matters,  albumen,  vesical  mucus,  and  pe- 
roxide of  iron. 

Of  these  constituents  those  numbered  1,  2,  7,  11,  12,  are  the  most 
common,  and  occur  in  the  largest  quantity;  those  numbered  3,  4,  5, 
13,  14, 16,  are  not  of  rare  occurrence,  but  are  usually  met  with  in 
very  small  quantity  in  calculi  composed  of  other  ingredients.  Uric 
oxide  (9)  has  been  only  observed  in  three  [four]  cases;  and  cystin  is 
by  no  mieans  common. 

Fibrin  was  once  noticed  by  Marcet  as  a  constituent  of  a  urinary 
calculus,  but  Berzelius  is  inclined  to  suppose  that  in  reality  it  was 
vesical  mucus. 

The  presence  of  benzoate  or  hippurate  of  ammonia  in  urinary  cal- 
culi, recorded  by  Brugnatelli,  and  of  oxalate  of  ammonia,  described 
by  Devergie,  is  scarcely  compatible  with  the  great  solubility  of  these 
salts. 

The  following  points  respecting  the  physical  character  of  urinary 
calculi  are  deserving  of  notice  : 

The  form  varies  in  accordance  with  the  seat  of  origin  and  the 
chemical  composition;  the  oval  or  spheroidal  is  the  most  frequent: 
round  calculi  are  often  compressed  laterally,  and  renal  concretions 
sometimes  assume  a  polygonal  or  even  a  branching  coralline  form; 
in  the  ureters  cylindrical  calculi  with  prominences  and  depressions 
have  been  described.  The  surface  is  smooth,  and  presents  few  irre- 
gularities in  calculi  of  uric  acid ;  it  is  flat  and  more  or  less  rough  in 
many  phosphatic  calculi;  earthy  and  easily  triturable  in  urate  of  am- 
monia calculi;  tuberculated,  as  we  sometimes  observe  in  calculi  of 
uric  acid,  the  urates  or  cystin;  or  armed  with  prominences  and  aspe- 
rities in  the  oxalate  of  lime  calculi. 

'  [To  theae  Heller  has  xecently  added  urostealith.] 


6t6  MORBID  PRODirCTS. 

The  colour  of  these  concretioos  varies  for  the  most  part  from  a  pale 
yellow  to  a  yellowish-redy  brown,  or  brownish-green. 

Calculi  of' the  earthy  phosphates  are  colourless,  or  nearly  so;  cal- 
culi of  uric  acid  and  the  urates  vary  from  a  yellow  to  a  reddish-yellow 
or  brown ;  calculi  of  oxalate  of  lime  are  yellow,  yellow ish-browo, 
brownish-green,  or  blackish-green.  Calculi  of  uric  oxide  are  of  a 
cinnamon-yellow  colour,  and  those  of  cystin  of  a  yellow  tint  In 
size  and  weight  they  present,  as  might  be  supposed,  the  greatest 
variety;  their  specific  gravity  varies  from  1-213  to  1*975.  Calculi  of 
oxalate  of  lime  exhibit  the  greatest  density,  those  whieh  consist  of 
the  earthy  phosphates,  and  especially  of  ammoniaco-magnesian  phos- 
phate, are  the  lightest 

With  respect  to  absolute  weight,  urinary  concretions  may  vary 
from  one  or  two  grains  (when  they  merely  form  gravel)  to  several 
ounces.  Some  cases  of  enormous  and  almost  incredible  size  are  re- 
lated; Morand  describes  a  stone  in  his  possession  weighing  6  pounds 
and  3  ounces.  Lister  describes  a  stone  of  51,  and  Earle  one  of  44 
ounces;  the  latter  was  16  inches  in  circumference.  With  regard  to 
the  number  of  calculi  that  may  occur  in  the  same  person,  we  may 
mention  that  Murat  found  678  in  the  bladder  of  an  old  man,  and 
nearly  10,000  in  his  kidneys.  Bufibn's  bladder  contained  59  calculi. 
When  several  calculi  exist  in  the  bladder  their  form  becomes  modified, 
and  they  are  usually  more  or  less  flattened  by  mutual  apposition  and 
friction.  I  am  in  possession  of  a  calculus  consisting  of  two  portions; 
the  upper  is  small,  weighing  about  two  ounces,  triangular,  and  pro- 
vided with  three  equal  convex  facettes,  exactly  fitting  into  the  de- 
pression of  the  larger  inferior  part,  which  is  of  an  oval  form  and 
weighs  about  five  ounces.  There  can  be  no  doubt  that  this  peculia- 
rity of  form  arose  from  the  frequent  rotation  of  the  calculi. 

The  internal  structure  of  urinary  calculi  is  of  importance;  a  section 
may  exhibit  either  a  uniform  texture  throughout,  or  concentric  strata 
arranged  around  a  nucleus.  If  the  calculus  is  formed  of  a  single 
ingredient,  its  fractured  or  cut  surface  appears  coarse  and  finely  gra- 
nular, and  sometimes  presents  a  radiating  appearance,  especially  in 
uric-acid  calculi:  it  is  earthy  and  fragile,  and  does  not  pre-sentany 
regular  arrangement  in  calculi  of  urate  of  ammonia:  it  is  dense  and 
conchoidal  in  oxalate  of  lime,  and  crystalline  in  cystin.  Calculi  of 
phosphate  of  lime,  on  the  other  hand,  exhibit  an  almost  fibrous  struc- 
ture, distinguished  by  parallel  striae.  Calculi  in  which  ammoniaco- 
magnesian  phosphate  is  the  predominating  ingredient  exhibit  a  porous 
internal  surface,  studded  here  and  there  with  crystals. 

In  calculi  consisting  of  a  nucleus  and  of  laminae  deposited  round  it, 
it  is  important  to  ascertain  whether  the  nucleus  and  the  concentric 
laminae  are  identical  or  different  in  their  composition. 

The  nucleus  may  consist  cither  of  one  of  the  ordinary  constituents 
of  urinary  concretions,  or  of  a  foreign  body  introduced  into  the  blad- 
der, as  for  instance,  a  fragment  of  wood,  a  grain  of  corn,*  &c.     The  la- 

'  ptVofeaBor  Malago  has  recently  extrmcted  a  cakulos,  of  which  the  nucleus  was  a  giobole  of 
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minae  may  have  the  same  chemical  constitution  as  the  nucleus,  and 
only  differ  from  it  in  the  period  of  their  deposition,  as  is  the  case 
with  calculi  of  uric  acid,  urate  of  ammonia,  uric  oxide,  and  earthy 
phosphates:  or  they  may  differ  from  the  nucleus  in  their  composition; 
in  this  case  we  may  always  infer  that  changes  have  taken  place  in  the 
character  of  the  urinary  secretion ;  for  instance,  if  the  nucleus  consist 
of  uric  acid,  and  is  surrounded  by  a  concentric  layer  of  the  earthy 
phosphates,  the  urine  must  have  been  first  constantly  acid,  and  sub- 
sequently neutral  or  alkaline. 

I  now  proceed  to  the  consideration  of  the  most  common  urinary 
calculi. 

Combusiible  calculi. 

I.  Calculi  of  uric  acid  are  by  no  means  rare;  their  character  have 
been  already  described  in  page  620;  they  may  be  distinguished  from 
calculi  of  urate  of  ammonia  by  the  solubility  of  the  latter,  and  the 
insolubility  of  the  former  in  a  sufficient  quantity  of  boiling  water. 
They  are  of  every  possible  size,  their  colour  is  sometimes  (but  very 
rarely)  white,  most  commonly  yellow,  rose-coloured,  or  brown; 
their  surface  is  smooth,  sometimes  even  polished,  and  occasionally 
presents  rounded  verrucose  protuberances.  Their  fractured  surface 
presents  either  a  crystalline  appearance,  or  is  dense  with  concentric 
strata  merging  into  each  other.  The  nucleus  is  crystalline,  and  the 
surrounding  laminae  hard.  I  have  found  a  minute  grain  of  urinary 
gravel  in  the  centre  of  several  calculi  of  uric  acid,  and  the  central 
portions  are  often  darker  coloured  than  the  peripheral.  The  uric 
loid  in  these  calculi  is  never  pure,  but  is  always  mixed  with  colouring 
matter — ^the  uroerythrin  (which  always  accompanies  uric  acid,)— 
frequently  with  alkaline  urates,  and  occasionally  with  small  quanti- 
ties of  earthy  phosphates.  A  very  minute  quantity  of  fat  and  of  ex- 
tractive matter  occurs  in  this  as  well  as  in  most  other  sorts  of  urinary 
calculi. 

In  order  to  obtain  an  accurate  knowledge  of  the  compontion  of  a 
calculus,  it  must  be  sawed  through  the  centre,  and  the  different  strata 
submitted  to  distinct  analyses  if  they  present  any  variation  in  their 
physical  characters:  it  does  not  often  happen  that  a  calculus  which 
consists  externally  of  uric  acid  is  composed  in  its  interior  of  earthy 
phosphates,  oxalate  of  lime  or  cystin,  but  on  the  other  hand  uric  acid 
often  forms  a  nucleus  to  calculi  formed  of  other  constituents.  In 
order  to  determine  whether  fixed  alkaline  urates,  or  earthy  phosphates 
are  contained  in  a  calculus,  a  portion  must  be  incinerated  and  the  resi- 
due analyzed.  If  they  are  present  they  may  be  determined  by  the 
rules  given  in  2,  a,  6,  c,/^  g,  A,  and  3. 

A  portion  of  each  lamina,  or  if  the  calculus  is  uniform  throughout, 
some  of  the  dust  separated  in  the  operation  of  sawing,  is  reduced  to 
an  impalpable  powder;  ^a  weighed  quantity  is  placed  in  a  small  por- 
celain basin,  and  after  being  warmed  for  some  time  on  the  water-bath, 
is  placed  under  the  exsiccator  in  order  to  remove  every  trace  of 
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moisture.  A  known  portion  of  the  dried  powder  is  placed  in  a  smtll 
glass  flask,  and  repeatedly  extracted  with  ether,  whereby  the  fat  is 
removed;  and  the  residue  is  boiled  with  alcohol  of  specific  gravity 
•850,  which  takes  up  some  extractive  matter.  The  powder  is  thea 
boiled  with  distilled  water  till  nothing  further  can  be  removed  bv 
that  menstruum.  On  evaporating  the  watery  solution  in  a  small 
porcelain  capsule  we  obtain  the  urates  as  a  residue.  If  it  is  requisite 
that  this  part  of  the  analysis  should  be  carried  further,  we  dry  the  re- 
sidue ana  weigh  it;  we  then  heat  it  in  a  little  water  and  add  hydro- 
chloric acid;  the  uric  acid  separates,  and  the  bases  combine  with  the 
hydrochloric  acid.  The  uric  acid  is  collected  on  a  filter,  washed 
with  water,  dried,  and  weighed;  the  hydrochloric-acid  solution  is 
evaporated,  and  yields  a  residue  of  hydrochlorate  of  ammonia,  and 
probably  the  chlorides  of  sodium  and  calcium.  In  order  to  separate 
these  substances  the  dried  residue  is  first  weighed,  and  then  dissolved 
in  water;  some  ammonia,  and  subsequently  oxalate  of  ammonia  are 
added,  in  order  to  precipitate  the  lime.  The  fluid  afler  filtration  is 
evaporated, and  the  dried  residue  exposed  to  a  strong  heat:  the  chlo- 
ride of  sodium  is  left,  and  the  chloride  of  ammonium  may  be  estimated 
by  the  loss  of  weight  The  bases  are  calculated  from  the  lime  which 
is  left  af\er  the  exposure  of  the  carbonate  of  lime  to  heat,  and  from 
the  chlorides  of  sodium  and  ammonium,  and  are  combined  with  the 
uric  acid. 

The  portion  of  the  powdered  calculus  not  taken  up  by  water  is 
treated  with  dilute  hydrochloric  acid,  which  dissolves  any  earthy 

Chosphates  that  may  happen  to  be  present  They  are  precipitated 
y  the  addition  of  ammonia  to  the  acid  solution,  and  must  be  then 
collected  on  a  filter,  washed,  dried,  and  weighed.  The  uric  acid 
(the  remaining  constituent)  must  be  perfectly  dissolved  in  caustic 
potash,  from  which  it  must  be  precipitated  by  super-saturation  with 
hydrochloric  acid.  It  must  be  then  washed  on  a  filter,  dried,  and 
weighed.  The  acid  solution  usually  contains  a  trace  of  organic  mat- 
ter, (vesical  mucus  or  albumen;)  its  presence  may  be  detected  by 
the  addition  of  a  little  ferrocyanide  of  potassium,  which  causes  a 
precipitate. 

II.  Calculi  of  urate  of  ammonia.  This  form  of  calculus  is  some- 
what rare,  and  indeed  its  existence  was  regarded  as  uncertain  till 
Prout  determined  the  point  beyond  a  doubt  According  to  Four- 
croy  these  calculi  are  usually  small,  occur  more  frequently  in  children 
than  in  adults,  have  a  whitish  or  clay-colour,  a  smooth  or  tubercu- 
lated  surface,  and  an  earthy  fracture  exhibiting  concentric  strata. 
Yellowly  found  that  of  59  small  stones  taken  from  a  man  aged  45 
years,  24  consisted  of  urate  of  ammonia  and  35  of  uric  acid.  Urate 
of  ammonia  occurs,  however,  most  frequently  mixed  with  other  con- 
stituents, especially  with  uric  acid  :  moreover  it  often  forms  the  nu- 
cleus of  large  calculi,  or  occurs  as  a  stratum  between  a  nucleus  of  uric 
acid  and  an  external  coating  of  phosphates;  in  such  cases,  however, 
it  is  not  pure  but  mixed  with  crystals  of  uric  acid,  or  oxalate  or 
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phosphate  of  lime.  Urate  of  ammonia  acts  before  the  blow-pipe  in 
just  the  same  manner  as  uric  acid,  and  their  reactions  with  nitric 
acid  are  also  similar:  they  may,  however,  be  readily  distinguished 
by  the  comparative  solubility  of  the  former  in  boiling  water,  and 
by  the  evolution  of  ammonia  that  takes  place  on  triturating  it  with 
caustic  potash.  In  a  careful  examination  of  a  calculus  of  urate  of 
ammonia,  the  first  point  is  to  ascertain  if  other  constituents  are  pre- 
sent which  is  usually  found  to  be  the  case.  If  there  is  a  residue 
left  after  heating  it  before  the  blow-pipe,  that  residue  may  consist  of 
earthy  phosphates,  or  earthy  or  alkaline  carbonates:  the  alkaline  carbo- 
nates correspond  with  the  alkaline  urates,  the  carbonate  of  lime  with 
the  oxalate  of  lime.  In  this  case  the  calculus  must  be  reduced  to  a 
very  fine  powder  and  dried;  a  weighed  portion  must  then  be  freed 
from  fat  and  extractive  matter  by  ether  and  alcohol,  and  afterwards 
repeatedly  boiled  in  small  quantities  of  distilled  water,  till  the  water 
is  no  longer  affected.  When  the  calculus  is  finely  powdered  the 
urate  of  ammonia  dissplves  with  tolerable  facility  in  boiling  water. 
The  earthy  phosphates  and  the  oxalate  of  lime  must  be  extracted 
with  dilute  hydrochloric  acid,^  precipitated  by  ammonia,  dried, 
weighed,  and  exposed  to  a  high  temperature.  If  we  again  dissolve 
this  residue  in  hydrochloric  acid,  and  throw  down  the  earthy  phos- 
phates with  ammonia,  chloride  of  calcium  remains  in  solution,  arising 
from  the  oxalate  of  lime.  Whatever  remains  unacted  on  by  dilute 
hydrochloric  acid  is  uric  acid. 

The  urates  of  soda  and  potash,  as  well  as  the  urate  of  lime  are  (as 
I  have  already  mentioned)  often  found  in  calculi  of  uric  acid;  they 
likewise  occur  in  calculi  of  urate  of  ammonia.  All  these  urates  are 
soluble  in  boiling  water ;  their  mode  of  separation  has  been  already 
described.  If  urate  of  magnesia  should  also  be  present  (which  is 
probably  seldom  the  case,)  a  different  method  of  separation  must  be 
adopted.  Hydrochloric  acid  is  added  to  the  evaporated  aqueous  solu- 
tion in  order  to  precipitate  the  uric  acid;  the  acid  solution,  after  filtra- 
tion, is  evaporated  on  the  water-bath,  and  we  then  obtain  a  residue 
of  mixed  chlorides.  The  dried  residue,  after  being  weighed,  is 
moistened  with  a  little  concentrated  hydrochloric  acid,  and  afterwards 
treated  with  anhydrous  alcohol,  which  takes  up  the  chloride  of  mag- 
nesium. The  alcoholic  solution  is  treated  with  a  little  carbonate  of  pot- 
ash, evaporated,  and  dried  in  a  platinum  crucible  heated  to  incipient 
redness.  After  the  extraction  of  the  potash,  the  magnesia  remains. 
The  chlorides  of  calcium,  sodium,  and  ammonium,  must  be  separated 
in  the  ordinary  manner. 

III.  Calculi  of  uric  [xanthic)  oxide.  Calculi  of  this  substance 
usually  contain  no  other  constituent,  with  the  exception  of  a  little 
animal  matter.  Uric  oxide  was  first  met  with  by  Marcet,  forming 
a  calculus  weighing  8  grains;  some  years  afterwards  a  few  minute 
concretions  of  the  same  nature  were  described  by  Laugier:  more  re- 
cently it  was  discovered  by  Stromeyer  in  a  calculus  weighing  338 

1  [Unless  the  hydrochloric  acid  ia  tdeiBbly  strong,  it  will  not  dissolve  the  oxalate  of  lime.] 
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minSf  and  as  lar^  as  a  pigeon's  egg,  extracted  by  Laneenbeck; 
fand  a  fourth  specimen  weighine  7  grains,  has  been  lately  described 
by  Dulk.^1  Their  external  sur&ce  is  smooth  and  polished,  and  of  a 
cinnamon^rown  colour.  Their  cut  surface  is  of  a  brown  flesh-coIouTi 
and  consists  of  concentric  laminae  easily  separable  from  each  other. 
In  point  of  hardness  they  resemble  uric  acid,  and  when  rubbed  they 
assume  a  waxy  appearance.  Although  uric  oxide  is  of  rare  occurrence, 
it  need  never  escape  detection  with  ordinary  care.  The  fact  of  its 
entire  destruction  before  the  flame  of  the  blow-pipe  at  once  distin- 
guishes it  from  the  calculi  which  contain  fixed  constituents;  by  its 
behaviour  with  nitric  acid,  and  with  carbonate  of  potash  (in  which  uric 
acid  dissolves,  but  uric  oxide  is  insoluble,)  it  may  be  distinguished 
from  uric  acid,  which  it  resembles  in  many  respects. 

In  order  to  make  a  full  analysis  of  a  calculus  of  this  description, 
it  must  be  first  pulverized,  and  then  every  thing  soluble  in  ether, 
alcohol,  and  water  removed.  If  uric  acid  is  associated  with  it,  car- 
bonate of  potash  serves  to  separate  the  acid  frbm  the  oxide;  if  earthy 
phosphates  or  oxalate  of  lime  are  present,  they  must  be  removed  by 
dilute  hydrochloric  acid.  Any  urates  that  are  present  are  taken  up 
by  water. 

IV.  Calculi  ofcystin.  Calculi  of  cystin,  although  rare>  are  more 
common  than  those  of  uric  oxide.  Although  sometimes  mixed  with 
other  constituents,  cystin  most  commonly  lorms  the  sole  ingredient 
These  calculi  seldom  attain  any  great  size;  they  are  usually  small, 
round,  smooth,  and  of  a  yellow  colour.  In  consbtence  such  a  cal- 
culus is  soft;  the  cut  surface  presents  a  semi-transparent,  confusedly 
crystalline  appearance;  not  however  laminated.  When  broken,  it 
appears  to  be  made  up  of  small  crystals  of  a  waxy  lustre,  the  mamns 
of  which  are  rounded.  The  microscope  afibrds  the  best  means  of  re- 
cognising the  existence  of  cystin:  if  we  dissolve  a  fragment  in  caus- 
tic ammonia,  and  allow  it  to  evaporate  spontaneously,  crystals  are 
deposited  in  six-sided  tables  or  prisms.  The  peculiar  behaviour  of 
cystin  before  the  blowpipe  distinguishes  it  not  only  from  calculi  with 
fixed  ingredients,  but  also  from  those  of  uric  acid  and  uric  oxide.  It 
is  also  distinguished  from  the  latter  (with  which,  however,  it  has  never 
yet  been  found  associated)  by  its  solubility  in  carbonate  of  potash, 
and  in  dilute  hydrochloric  acid;  and  from  the  former  by  its  solubi- 
lity in  dilute  hydrochloric,  phosphoric  and  even  oxalic  acid.  When 
cystin  is  associated  in  calculi  with  other  constituents,  it  is  most  com- 
monly found  to  alternate  with  uric  acid.  Thus  Henry  found  a  nu- 
cleus of  cystin,  and  an  external  layer  of  cystin  and  a  nucleus  of  uric 
acid.  It  is  worthy  of  remark  that  Bley,  in  examining  two  calculi 
taken  from  the  same  man,  found  in  one,  cystin  associated  with  car- 
bonate of  magnesia  and  ammoniaco-maenesian  phosphate;  in  the 
other  the  cystin  was  displaced  by  uric  acid.  The  calculus  that  con- 
tained the  cystin  was  reniform,  compressed,  and  flattened;  of  a  yel- 

>  rdimon*8  Beitragc,  p.  413:  moreoTcr  Unger  has  discovered  minute  traces  of  a  substanoe 
daB%  allied  to  uric  osuae,  if  not  identical  with  it,  in  guana]  • 
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low  colour  and  weighed  1*75  grains.  It  exhibited  a  stratified  appear- 
ance internally,  and  when  exposed  to  heat  left  scarcely  a  trace  of 
ash.  After  the  removal  of  the  earthy  matters  by  hydrochloric  acid, 
there  remained  a  residue  soluble  in  potash,  which,  on  the  addition  of 
acetic  acid  and  evaporation,  deposited  small  six-sided  crystals.^ 

It  need  scarcely  be  mentioned  that  if  in  a  calculus  containing 
cystin  there  is  any  perceptible  difference  between  the  nucleus  and. 
the  sun*ounding  strata,  they  must  be  analyzed  separately. 

V.  Calculi  formed  of  protein-compounds.  Fibrinous  calculi^ 
according  to  Marcet 

All  urinary  calculi  contain  an  organic  matter,  which,  by  prolonged 
digestion  is  soluble  in  acetic  and  in  dilute  hydrochloric  acid,  from 
which  solutions  it  may  be  precipitated  by  ferrocyanide  of  potassium. 
It  is  readily  soluble  in  caustic  potash,  but  is  insoluble  in  water,  alco- 
hoi,  or  ether:  it  consists  in  most  cases  of  the  mucus  of  the  bladder, 
occasionally  of  albumen.  Marcet  described  a  remarkable  calculus 
consisting  entirely  of  protein-compounds,  and  regarded  by  him  as 
composed  of  fibrin.  It  had  the  appearance  and  consistence  of  yellow 
wax;  its  surface  was  irregular,  but  not  rough;  internally  it  exhibited 
a  fibrinous  character,  and  was,  to  a  certain  degree,  elastic.  When 
burned  it  evolved  an  odour  of  burning  horn,  and  left  a  porous  carbo- 
naceous residue.  It  was  insoluble  in  alcohol,  ether,  or  water,  but 
dissolved  in  caustic  potash,  from  which  it  was  precipitated  by  hy- 
drochloric acid.  It  dissolved  slowly  in  nitric  acid,  and  when  boiled  in 
acetic  acid,  swelling  previously  to  dissolving.  It  was  precipitated  from 
its  acetic  acid  solution  by  ferrocyanide  of  potassium.  In  its  solubility 
in  nitric  acid  it  does  not  (as  Berzelius  remarks)  correspond  very  well 
with  the  properties  of  fibrin;  its  characters,  as  given  by  Marcet,  lead 
more  to  the  supposition  that  it  was  vesical  mucus.  Morrin  has  like- 
wise described  a  calculus  remarkable  for  the  quantity  of  organic  protein- 
like  substance  contained  in  it.  It  was  associated  with  phosphate  of 
lime,  and  amounted  in  the  nucleus  to  only  lOg,  in  the  second  layer  to 
18g,  and  in  the  third  to  70g  of  the  weight  of  the  calculus.  Alcohol 
took  up  a  little  fat.  The  substance  was  slightly  soluble  in  acetic,  more 
so  in  nitric  acid:  in  caustic  potash  it  swelled,  became  viscid,  and 
partially  dissolved. 

Incombustible  or  partially  combustible  Calculi. 

VI.  Calculi  of  oxalate  of  lime  are  next  in  frequency  to  those  of 
uric  acid  and  the  earthy  phosphates.  Their  form  is  very  character- 
istic; they  are  usually  spherical,  but  their  whole  surface  is  studded 
by  verrucose,  tuber'culated  elevations,  or  even  by  sharp  angular  pro- 
jections. It  is  from  the  former  and  most  common  of  these  appear- 
ances that  they  have  received  the  name  of  mulberry  calculi. 

The  size  of  these  calculi  varies  from  that  of  a  hempseed  to  a 

*  It£cems  strange  that  the  cystin  did  not  dissolve  in  the  hydrochloric  add.  The  case  is  re- 
corded in  Buchner^s  Report,  !^  scries,  voL  2,  p.  1G5. 
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pigeon's  egg,  and  is  occasionally  even  lar^r.  Thus  out  of  thirty- 
three  calculi  of  pure  oxalate  of  lime  examined  by  Smith  there  was 
only  one  that  weighed  an  ounce  and  a  half.  Their  colour  varies; 
they  are  white,  bright  yellow,  yellowish-brown,  and  occasionally 
dark  green.  The  largest  are  usually  the  most  darkly  coloured.  The 
fracture  is  usually  firm,  hard,  finely-granular  and  conchoidal;  but 
calculi  have  been  observed  by  Benselius  which  consisted  of  an  aggre- 
gate of  closely  connected  sharp  angular  crystals.  Their  specific 
gravity  is  higher  than  that  of  any  other  calculi.  Hence  it  is  evident 
that  the  physical  characters  alone  are  sufficient  to  prevent  a  calculus 
of  this  nature  from  being  mistaken  for  one  consisting  of  uric  acid  or 
of  the  earthy  phosphates.  The  chemical  characters  are,  however, 
equally  distinct  It  is  distinguished  from  uric  acid  by  its  readily 
burning  white  before  the%lowpipe:  it  is  distinguished  from  the 
earthy  phosphates  by  its  moistened  residue  exhibiting  an  alkaline 
reaction  towards  red  litmus  paper,  and,  if  the  heat  has  not  been 
too  intense,  by  its  dissolving  in  hydrochloric  acid  with  effervescence, 
by  ammonia  added  to  saturation  producing  no  precipitate  in  this  so- 
lution, but  by  a  deposit  being  at  once  observed  on  the  subsequent 
addition  of  oxalate  of  ammonia:  it  is  distinguished  from  carbonate  of 
lime  by  its  dissolving  in  hydrochloric  acid  without  effervescence,  and 
by  the  solution  being  precipitated  by  ammonia:  and,  finally,  it  is 
distinguished  from  urate  of  lime  by  its  insolubility  in  boiling  water. 
Although  oxalate  of  lime  mixed  with  a  little  organic  matter  (mucus 
and  colouring  matter)  is  generally  the  sole  constituent  of  mulberry 
calculi,^  it  is  sometimes  associated  with  uric  acid,  urate  of  ammonia, 
or  phosphate  or  carbonate  of  lime.  After  what  has  been  already 
stated,  the  separation  of  these  substances  can  scarcely  be  considered 
difficult.  Ether  and  alcohol  remove  fat  and  extractive  matter,  water 
removes  the  urates,  hydrochloric  acid  the  earthy  phosphates  and  ox- 
alate of  lime:  there  can  then  remain  nothing  but  uric  acid  with  vesi- 
cal mucus  or  coagulated  albumen,  and  possibly  a  little  silica.  The 
hydrochloric-acid  solution  is  supersaturated  with  ammonia,  and  the 
precipitate  washed  with  a  weak  ammoniacal  solution.  It  is  exposed 
to  a  red  heat,  and  dissolved  in  hydrochloric  acid;  the  earthy  phos- 
phates are  then  precipitated  by  ammonia,  and  the  lime  separated 
from  the  filtered  solution  by  oxalate  of  ammonia.  In  order  to  ana- 
lyze the  residue  insoluble  in  hydrochloric  acid,  it  must  be  boiled  in 
caustic  potash  and  filtered ;  the  uric  acid  and  silica  must  be  thrown 
down  by  an  excess  of  hydrochloric  acid;  if  the  precipitate  is  washed, 
weighed,  and  submitted  to  a  red  heat,  we  obtain  the  silica  as  a 
residue. 

The  amount  of  animal  matter,  and  especially  of  pigment,  is  gene- 
rally larger  in  these  than  in  any  other  calculi.  The  animal  matter 
seems  to  consist  partly  of  protein-compounds,  and  partly  of  extractive 
matter.  Whether  the  colouring  matter  is  due  to  the  haematin  of  the 
blood,  or  to  uroerythrin,  has  never  been  determined. 

'  [Our  own  ezperienoe  ii  opposed  to  this  ttatement] 
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VII.  Calculi  of  ammoniaco-magnesian  phosphate  and  phos^ 
phate  of  lime.  These  calculi  are  of  the  most  common  occurrence 
next  to  those  of  uric  acid.  They  sometimes  attain  a  very  large  size; 
they  are  usually  globular  or  spheroidal;  their  colour  is  white,  gray, 
or  dull  yellow;  their  fractured  surface  is  less  earthy  than  in  the  pre- 
ceding calculi,  and  is  interspersed  with  sparkling  crystals;  and 
although  in  general  friable,  their  texture  is  occasionally  compact  and 
dense.  When  laminated,  which  is  seldom  the  case,  the  intervals 
between  the  layers  contain  glistening  crystals  of  ammoniaco-magnesian 
phosphate.  On  heating  a  fragment  of  a  calculus  of  this  nature  on 
platinum  foil  an  odour  of  ammonia  is  developed :  it  does  not  burn  white 
so  readily  as  the  oxalate  of  lime,  since  the  ammoniaco-magnesian 
phosphate,  if  present  in  any  quantity,  fuses  and  produces  a  grayish 
white  enamel. 

The  moistened  ash  does  not  affect  red  litmus  paper;  it  dissolves 
in  hydrochloric  acid  without  effervescence,  and  may  be  precipitated 
from  it  by  ammonia.  As  these  calculi  contain  a  little  fat  and  extrac- 
tive matter,  it  is  requisite  in  making  a  careful  analysis  that,  after 
being  pulverized,  they  should  be  extracted  with  ether  and  alcohol; 
on  dissolving  the  residue  in  hydrochloric  acid  a  small  amount  of  floc- 
culent  matter  is  usually  observed,  arising  probably  from  vesical  mucus. 
The  earthy  phosphates  are  precipitated  from  this  acid  solution  by 
ammonia,  and  after  being  washed  are  exposed  to  a  red  heat.  Calculi 
of  phosphates  of  lime  and  ammoniaco-magnesian  phosphate  often 
contain  uric  acid,  the  alkaline  urates,  and  sometimes  oxalate  and  car- 
bonate of  lime.  The  alkaline  urates  are,  in  that  case,  extracted  with 
boiling  water;  on  digesting  a  portion  of  the  residue  in  dilute  hydro- 
chloric acid,  the  earthy  phosphates  are  dissolved  and  the  uric  acid 
remains;  if  carbonate  of  lime  is  present,  effervescence  is  observed  on 
treating  a  little  of  the  powdered  calculus  with  hydrochloric  acid;  the 
lime  may  be  precipitated  by  oxalate  of  ammonia,  after  the  earthy 
phosphates  have  been  thrown  down  from  the  acid  solution  by  caustic 
ammonia.  If  oxalate  of  lime  is  present,  the  powdered  calculus  (the 
urates  having  been  previously  removed)  after  a  short  exposure  to 
heat  (but  not  before)  effervesces  on  the  addition  of  hydrochloric  acid. 
The  large  calculus  noticed  in  page  626  consists  principally  of  earthy 
phosphates  with  small  quantities  of  the  urates  of  ammonia  and  soda 
lying  one  above  the  other  in  laminae.  It  contains  a  nucleus  about  the 
size  of  a  nut,  of  a  mulberry  appearance,  consisting  of  oxalate  of  lime, 
and  in  the  centre  of  this  is  a  nucleolus  of  the  size  of  a  large  pea,  con- 
sistinz  almost  entirely  of  uric  acid. 

VlTl.  Calculi  of  neutral  phosphate  of  lime  9xe  v^ry  T^^i  they 
were  first  described  by  WoUaston.  Their  surface  is  Usually  pale 
brown,  and  so  smooth  as  to  appear  polished.  On  sawing  through  a 
calculus  of  this  nature  it  is  found  very  regularly  laminated,  and  the 
laminae  in  general  adhere  so  slightly  to  each  other  as  to  separate 
with  ease  into  concentric  crusts.  Each  lamina  is  striated  in  a  di- 
rection perpendicular  to  the  surface,  as  from  an  assemblage  of  fibres. 
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In  these  as  in  all  other  calculi  we  meet  with  a  certain  amount  of 
animal  matter,  supposed  by  Berzelius  to  be  identical  with  that  which 
is  associated  with  phosphate  of  lime  when  we  precipitate  that  salt 
from  the  urine.  Hence  on  heating  a  portion  before  the  blowpipe  it 
becomes  charred,  and  evolves  an  odour  of  burned  horn;  it  finally 
bums  white  and  fuses,  which  distinguishes  it  from  the  basic  phos- 
phate of  lime,  which  is  infusible  before  the  blowpipe.  Since,  how- 
ever, ammoniaco-magnesian  phosphate  readily  fuses  before  the  blow- 
pipe we  must  examine  previously  that  none  of  it  is  present 

Basic  phosphate  of  lime  or  bone-earth  never  occurs  as  the  sole 
constituent  of  a  urinary  calculus;  the  same  is  the  case  with  ammo- 
niaco-magnesian  phosphate.^ 

IX.  Calculi  of  carbonate  of  lime.  Calculi  consisting  merely  of 
carbonate  of  lime  and  animal  matter,  are  somewhat  rare.  Smith 
found  18  such  calculi  in  the  bladder  of  a  young  man,  and  Brugnatelli 
mentions  48  pisiform  concretions  of  the  same  nature  taken  from  a 
young  man,  and  16,  the  size  of  a  nut,  from  a  woman.  According  to 
Berzelius  they  are  generally  white  or  gray,  but  sometimes  yellow, 
brown,  or  red;  the  tint  depending  on  the  animal  matter.  The  for- 
mation of  these  calculi  is  due  to  an  alkaline  condition  of  the  urine, 
and  to  the  absence  of  the  ordinary  phosphates.  On  heating  a  frag- 
ment before  the  blowpipe,  it  evolves  an  odour  of  burned  bone,  and 
readily  burns  white.  On  treating  the  residue  with  hydrochloric  acid 
eflervescence  is  observed,  unless  the  heat  has  been  very  intense  and 
prolonged,  in  which  case  the  carbonate  is  converted  into  caustic  lime, 
and  it  dissolves  without  effervescence:  in  this  case  it  is  also  soluble 
in  water  and  forms  an  alkaline  solution.  If  a  fragment  of  the  un- 
heated  calculus  is  pulverized  and  treated  with  dilute  hydrochloric  acid, 
it  dissolves  with  eflfervcscencc  and  leaves  a  residue  of  vesical  mucus. 

Although  it  seldom  occurs  as  the  principal  ingredient,  it  is  often 
found  associated  with  other  constituents,  especially  with  phosphate 
of  lime,  in  urinary  calculi. 

I  have  examined  two  yellow  calculi  of  the  form  and  size  of  a  pea, 
taken  from  the  kidney;  they  consisted  of  carbonate  and  phosphate  of 
lime.  Proust  also  mentions  vesical  calculi  composed  of  carbonate 
and  phosphate  of  lime.  Prout  was  the  first  who  detected  carbonate 
of  lime  in  urinary  calculi:  it  was  in  that  instance  associated  with 
phosphate  of  lime  and  traces  of  urate  of  lime.  Walther  describes 
six  calculi  in  which  the  nucleus  was  urate  of  ammonia,  while  the 
cortex  was  composed  of  carbonate  and  phosphate  of  lime.  Prout 
mentions  a  mulberry  calculus  in  which  the  external  layer  was  soft, 
and  consisted  of  oxalate  and  carbonate  of  lime,  the  second  of  carbo- 
nate and  phosphate  of  lime,  and  the  third  of  phosphate  of  lime. 
Brugnatelli  states  that  he  examined  a  urinary  secretion  consisting 
of  carbonate  and  oxalate  of  lime,  and  benzoate  of  ammonia. 

*  [A  human  calculus  composed  entirely  of  ammoniaco-magnesian  {dioqihatc  is  described  by 

Scharling,  *On  the  Chemical  Discrunination  of  Vesical  Calculi/  tianalatod  by  Dr.  HofikiniB^ 
p.  55.] 
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Whea  carbonate  and  oxalate  of  lime  occur  together,  the  calculus 
dissolves  in  hydrochloric  acid  with  effervescence,  both  before  and 
after  heating.  Before  the  application  of  heat  it  is  partially  soluble 
in  acetic  acid  with  effervescence,  the  oxalale  remaining  undissolved. 

On  dissolving  a  portion  of  the  calculus  in  dilute  hydrochloric  acid, 
and  adding  ammonia,  we  precipitate  the  oxalate  of  lime;  the  lime 
corresponding  to  the  carbonate  may  then  be  precipitated  from  the 
filtered  solution  by  oxalate  of  ammonia.  The  oxalate  of  lime  preci- 
pitated by  ammonia  may  be  easily  mistaken  for  phosphate  of  lime; 
all  ambiguity  may,  however,  be  avoided  by  recollecting  that  the  ox- 
alate may  be  converted  by  heat  into  carbonate  of  lime,  which  dis- 
solves with  effervescence  in  acids  from  which  it  is  not  precipitable 
by  ammonia,  while  the  phosphate  of  lime  is  unaffected  by  heat,  and 
dissolves  without  effervescence  in  hydrochloric  acid  from  which  it 
may  be  thrown  down  by  ammonia.  When  carbonate  of  lime  is  as- 
sociated with  oxalate  and  phosphate  of  lime,  the  calculus  dissolves 
with  effervescence  in  hydrochloric  acid  both  before  and  after  heating. 
In  this  case  the  oxalate  of  lime  may  be  readily  overlooked,  but  on 
dissolving  a  fragment  of  the  calculus  in  hydrochloric  acid,  and  preci- 
pitating with  ammonia,  the  oxalate  and  phosphate  of  lime  are  thrown 
down  together,  while  the  carbonate  of  lime  exists  in  the  filtered  so- 
lution as  chloride  of  calcium,  and  may  be  precipitated  by  oxalate  of 
ammonia.  On  drying  and  gently  heating  the  mixture  of  oxalate  and 
phosphate  of  lime,  the  oxalate  becomes  converted  into  carbonate. 
We  then  dissolve  the  heated  residue  in  hydrochloric  acid,  precipitate 
the  phosphate  of  lime  with  ammonia,  filter,  and  throw  down  the  lime 
from  the  filtered  solution  with  oxalate  of  ammonia.  This  lime  cor- 
responds with  the  original  oxalate.  When  the  carbonate  is  mixed 
with  urate  of  lime,  the  latter  must  be  taken  up  with  boiling  water. 

Carbonate  of  magnesia  is  only  rarely  associated  with  carbonate  of 
lime  in  urinary  calculi,  although  Berzelius  supposes  that  they  always 
occur  together.  In  order  to  separate  them,  they  must  be  dissolved 
in  hydrochloric  acid,  and  the  chloride  of  magnesium  then  taken  up 
by  alcohol. 

An  analysis  of  a  calculus  containing  a  considerable  amount  of  car- 
bonate of  magnesia  is  given  in  p.  642. 

This  salt  is  of  frequent  occurrence  in  calculi  of  the  lower  animals. 

[Urosiealiih.  We  have  already  (see  page  542)  noticed  Heller's 
discovery  of  urostealith. 

The  concretions  that  were  discharged  were  round  and  had  not  the 
appearance  of  being  fragments  of  a  larger  calculus;  in  consequence  of 
the  locality  of  the  pain  it  was  presumed  that  they  were  renal  calculi. 
Altogether  a  little  more  than  a  drachm  of  urostealith  was  collected; 
The  concretions  varied  from  the  size  of  a  hempseed  to  that  of  half  a 
small  nut.  Most  commonly  they  were  of  the  size  of  a  pea,  and 
either  consisted  of  pure  urostealith  or  had  an  outer  coating  of  ammo- 
niaco-magnesian  phosphate. 

54* 
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Urostealith  is  most  readily  detected  by  the  effects  of  heat  and  com- 
bustion. A  fragment  placed  on  platinum  foil  and  heated  remains  for 
some  time  solid,  then  commences  to  fuse  without  thoroughly  melting, 
swells,  and  diffuses  much  vapour,  giving  off  an  extremely  peculiar 
and  pungent  odour,  resembling  that  of  shcli-lac  and  benzoin.  The 
odour  is  so  strong  as  to  be  distinctly  evolved  by  the  smallest  piece  of 
urostealith.  After  fusing  and  swelling  up,  it  catches  fire  (if  touched 
by  the  flame  of  the  lamp,)  and  burns  with  a  clear  yellow  flame.  A 
voluminous  coal  is  left  which,  when  thoroughly  burned,  leaves  a 
very  minute  alkaline  ash,  consisting  principally  of  lime. 

When  boiled  in  water  urostealith  becomes  soil  but  does  not  dis- 
solve. Warm  alcohol  dissolves  it,  but  with  difficulty;  when  the  al- 
cohol is  evaporated  and  the  residue  burned  the  fragrant  odour  is  de- 
veloped. Ether  dissolves  it  pretty  freely;  on  evaporation  the  uro- 
stealith is  left  in  an  amorphous  form,  and  on  continuing  a  gentle  heat 
it  assumes  a  well-marked  violet  tint  It  dissolves  readily  in  a  hot 
solution  of  caustic  potash,  forming  a  brown  soap;  and  on  treating  this 
solution  with  an  acid  the  urostealith  again  separates  as  amorphous 
fat  The  carbonates  of  potash  and  soda  act  similarly  but  more  slow- 
ly. When  heated  with  nitric  acid  it  yields  a  colourless  solution,  a 
•light  quantity  of  gas  being  developed:  on  treating  the  residue  (after 
evaporation)  with  ammonia  or  potash  it  becomes  of  a  dark-yellow 
colour.^] 

On  the  iaminss  of  vesical  and  renal  calculi,  and  on  their 

quantitative  analysis. 

In  the  analysis  of  urinary  calculi  it  is  of  the  greatest  importance  to 
observe  the  order  in  which  the  different  laminaB  were  deposited,  and 
in  connexion  with  this  subject,  and  with  the  relative  proportion  in 
which  different  sorts  of  calculi  occur,  we  may  especially  refer — 1,  to 
Brand's'  paper  on  the  urinary  calculi  in  the  Hunterian  Museum;  3, 
to  Marcet^  on  the  calculi  at  Guy's  Hospital;  3,  to  Wood^  on  the  cal- 
culi at  the  Canterbury  Hospital,  the  Windmill  Street  School,  and 
Mr.  Cross's  collection;  4,  to  Yellowly,*  and  5,  to  Marcet,  for  their 
account  of  the  Norwich  Hospital  collection;  6,  to  Henry^  on  the 
Manchester  collection;  7,  to  Smith  on  the  Bristol  collection;  8,  to 
Rapp^  on  the  Swabian  collection;  9,  to  Lecanu  and  Segalas*  on  Se- 

Salas's  collection;  10,  to  Scharling  on  the  calculi  in  the  Copenhagen 
fuseuni;  and,  II,  to  Taylor^  on  the  calculi  in  the  Museum  at  St 
Bartholomew's  Hospital. 

I  Hellei^fl  Aichhr.  f  iir  physiologiKfae  toid  pathologiidia  Chemie,  voL  S,  ppw  1-13. 
*  Phil<MQ[itucal  l^ruMBctioDfl,  ]80d 
.  s  An  Essay  on  the  Chemical  History  and  Medical  Treatment  of  Calculus  Disorders. 
4  London  Medical  and  Physical  Journal,  voL  57. 
3  Philosophical  Trenncdons,  1829. 

6  Medico^himig.  Transactions,  toL  10. 

7  NaturwissenschafUiche  Abhandlungcin.    Tiibin^.  162G. 
«  Journal  de  Pharmade,  1838,  p.  46a 

B  London  and  JEdinbufie^  Philosof^iical  Magazine,  183SL 
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The  following  table  affords  a  view  of  the  relative  proportions  in 
which  the  most  common  calculi  occur: 


Aeeordlog  to 


1.  Brand,  in  Hunterian  Mofleom  =3 

2.  Maroet,  in  Guy's  Hospital 

db  Wood,  in  Cantextmry  Hospital 

4.  Tellowly,  in  Norwicb  Hospital 

5.  Maicet     "      ditto         '^      - 

6.  Henry,  in  ihs  Manchester  Hosp. 

7.  SmitD,  in  the  Bristol  Hospital 

8.  Rapp,  in  Swabia 

9.  Schuling,  in  Copenhagen  Museum 
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I  now  proceed  to  give  one  or  two  analyses  of  human  calculi  as  il- 
lustrations of  Ihcir  general  character. 

I  analyzed  the  remarkable  calculus  alluded  to  in  pp.  626  and  633. 
I  examined,  Ist,  the  External  layer;  2d,  the  inner,  tuberculated  nu- 
cleus; and  3d,  the  minute  round  nucleolus.  I  have  likewise  analyzed 
(4th)  a  calculus  of  uric  acid. 

Anal.  160.       An.  161.         An.  162.  An.  163. 

Cort«x.       MttcleuB.      Nodeoliis.  Uric  acid  calcu las. 


Water 
Solid  roiklue 

Earthy  phoephatca 

Oxalate  of  lime 

Uric  acid 

AlkaliuD  urates 

Animal  matter 

Fat  and  extractive  matter 


24-5  lOO  3-7  3H) 

7&6  9(H)  96-3  97-0 

70^  M  —  — 

—  701  —  — 

—  —  91-2  92« 
1*0  0-5  1-3  3^ 
3%>  128  3^  — 

a  trace  a  trace  —  1*0 


The  animal  matter  in  the  cortex  contained  a  little  silica  and  per- 
oxide of  iron;  and  in  the  nucleus,  a  large  quantity  of  dark  brown  co- 
louring matter. 

Uric  acid  calculi  contain: 

According  to 


Taylor.      Jom. 


Uric  add        -           -           -  6(H)  7O0 
Urate  of  ammonia       ....... 

Urate  of  lime               -            -  —  10-3 

Phosphate  of  lime        -           -  lOO  — 

Aromoniaco-magnoaian  phoi|)hato  20-0  — 

Phoflphatc  of  ammonia             .  ..  _ 

Oxalate  of  lime            -            -  —  — 

Ammoniacal  matter  and  water  19*0  10*0 

A  sulwtanco  soluble  in  ether    -  —  0*5 

alcohol  —  — 


AUfier. 

TonBibra. 

1. 

s. 

10-0 

84*09 

9(^10 

40O 

903 

^^ 

— 

M2 

— 

50 

.— . 

— 

15-0 

0^ 

«^ 

20-0 

1*80 

lOO 

_ 

0*61 

0-50 

— 

•«. 

041 

Fromberz. 

Carbonate  of  Imw 

9IO 

Phoophate  of  lime 

30 

Albumen  and  fat 

40 

Calculi  in  which  the  earthy  phosphates  and  carbonates  predomi- 
nate have  been  analyzed  by  Fromherz  and  Lindberson : 

Luidbenon. 

Urate  of  aoda       -  -  -  9*77 

Basic  pho^ihate  of  lime  -  -  34*74 

Ammoniaco-magnesian  phosphate  38*35 

Carbonate  of  lime  -  -  3*14 

Carbonate  of  magneda  -  -  2^ 

Albumen              -  -  -  687 

[Calculi  in  which  oxalate  of  lime  predominates  have  been  analyzed 
by  Scharling: 

1.  8. 

Oxalate  of  lime       .....        37  63*5 


Phosphate  of  lime  - 

Ammoniacomagnesian  phosphate 

Water 

Organic  matters     - 


—  6*2 

39  — 

^^}  303 


13 

See  also  analysis  161,  and  the  above  analysis  of  Laugier.] 
Cystic  calculi  have  been  analyzed  by  Taylor  and  Bley: 
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Taylor.  Bley. 

Cygtm  ....  -        1(H)  M 

AmmonnecHiiagnedan  photpihate 
Phosphate  of  lime 
Carbonate  ofmagnada  • 
Uric  acid  ... 

Animal  matter  and  Iosb 


1(M)  sew  750 

3&0  ~  7*0 

--^  57-1  — 

—  —  180 

420  —  — 


Both  the  calculi  analyzed  by  Bley  were  taken  from  the  bladder  of 
the  same  man;  the  first  weighed  1*75^  and  the  second  2  grains. 

XJBINART  ORAVSL. 

Gravel  has  naturally  the  same  composition  as  calculi;  uric  acid  is, 
however,  the  most  frequent  constituent  In  form,  gravel  is  round 
or  angular,  not  unfrequently  crystalline;  its  colour  is  most  commonly 
redy  but  sometimes  pale  yellow,  gray,  or  brown.  The  rules  already 
given  for  the  analysis  of  calculi  apply  equally  to  gravel.  After 
having  ascertained  by  the  blowpipe  whether  the  gravel  is  perfectly 
destroyed  by  heat,  or  whether  it  leaves  an  ash  that  burns  white,  we 
then  proceed  in  accordance  with  the  directions  given  in  p,  620. 
Uric-acid  gravel  is  frequently  crystalline,  and  red  or  purple,  but  oc- 
casionally of  a  bright  yellow  colour,  or  white.  The  unne  from  which 
it  separates  is  concentrated,  highly  coloured,  and  has  usually  a  strong 
acid  reaction. 

White  gravel  is  usually  composed  of  phosphate  of  lime  with  am- 
moniaco-magnesian  phosphate,  and  occasionally  of  oxalate  of  lime. 
The  ammoniaco-magnesian  phosphate  crystallizes  in  beautifully  re- 
gular prisms,  (often  of  considerable  size,)  as  depicted  in  fig.  25,  and 
the  oxalate  in  minute  globules,  or  in  octohedra,  as  represented  in  fig. 
36.  Phosphate  of  lime  and  ammoniaco-magnesian  phosphate  almost 
always  occur  together;  oxalate  of  lime  sometimes  occurs  by  itself,  and 
sometimes  alternates  with  the  earthy  phosphates.  Gravel  consisting 
principally  of  the  earthy  phosphates  is  sometimes  mixed  with  urate 
of  ammonia,  which  latter  readily  dissolves  when  heated  in  water. 

I  have  alluded  to  the  analysis  of  this  kind  of  gravel  in  my  remarks 
on  urinary  sediments  in  p.  431.  The  urine  in  which-  this  white 
earthy  gravel  is  formed,  is  either  neutral  or  alkaline,  never  acid. 

Magendie  describes  a  species  of  gravel  containing  hairs,  (gravelle 
pileuse,)  consisting  of  phosphate  of  lime,  ammoniaco-magnesian  phos- 
phate, and  a  little  uric  acid.  It  is  possible  that  the  hair  may  have 
been  introduced  from  without,  and  thus  be  a  mere  accidental  consti- 
tuent When  cystin  occurs  as  gravel,  it  almost  always  assumes  the 
regular  crystalline  form  that  is  so  characteristic  of  that  substance. 
Cystic  gravel  is  of  a  yellow  colour,  and  appears  crystalline  even  to 
the  naked  eye. 

Lecanu^  analyzed  Segalas'  collection  of  110  specimens  of  ^vel. 
Seventy-nine  of  them  (passed  by  20  patients)  consisted  of  unc  acid 
with  traces  of  ammonia  and  organic  matter,  which,  however,  in  five 
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etnet  wfrre  found  only  in  the  cortex,  the  noeleas  eomwihip  of  jer 
uric  acid.  One  minute  calculus  poMcd  at  the  laaae  tine  «itk  o&en 
of  jiure  uric,  had  a  nucleus  of  oxalate  of  lime,  and  a  tha^  cortex  af 
uric  acid.  Fire  caleuli  from  diflerent  patients,  eonoiated  of  oolile 
of  lime  without  earthy  phosphates,  tiut  with  some  mie  acid;  nine 
from  different  jiaticnts  consisted  of  oxalate  of  lime  and  eartbj  phas- 
phati^s;  three  from  two  patients  consisted  of  pboqAate  of  Eme  and 
ammonioco'magnesian  phosphate,  without  unc  acid;  four  bom  the 
Mtnti  |iatii;nt  consistifd  onl  v  of  earthy  phosphates;  foar  from  two  pa* 
ticiits  consisted  of  ammoniaco-magnesian  phosphate,  without  any  ap- 
preciable traces  of  lime;  three  from  two  patients^  cf  cjvtiii.  A  cal- 
culus, the  size  of  a  pea,  discharged  with  uric  acid  grarel  from  a  man 
affisd  (i'J  years,  was  soft  and  white,  soluble  in  water  and  alcohol,  fo- 
siule,  when  heated  evolving  an  odour  of  burned  sugar, and  eoalaining 
a  lirown  nucleus,  formed  apparently  of  a  grain  of  com.  No  cases  of 
carbonate  of  lime  were  observed  in  this  collection. 

[Schlossberger  has  recently  directed  attention  to  the  frequent  oc- 
currence of  gravel,  (urate  of  ammonia)  in  the  tubuli  uriaiferi  of  new- 
born children.     Ilo  found  it  in  18  out  of  49  cases.] 


Preputial  and  urethral  calculi  have  been  analyzed  by  Romer: 
fiflly-oiie  concretions  of  this  sort,  weighing  in  all  158  grains,  were 
romovo<l  from  a  child  with  natural  phymosis.  They  consisted  of 
uric  acid,  associated  with  phosphate  of  lime  and  some  connecting 
animal  matter. 
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Colculi  are  by  no  means  uncommon  amongst  the  lower  animals, 
and  il  has  been  stated  that  rats  are  especially  liable  to  this  form  of 
disease,  (lenerally  speaking  the  constituents  are  much  the  same  as 
in  man,  except  that  no  uric  acid  occurs  in  the  calculi  of  the  herbi- 
vora,  which  consist  for  the  most  part  of  earthy  phosphates  and  car- 
bonates. 

In  a  wild  cat,  Fourcroy  and  Vauquelin  found  a  renal  calculus  of 
phosphote  of  lime.  The  vesical  calculi  of  dogs  consist  for  the  most 
part  of  phosphate  of  lime  and  ammoniaco-masnesian  phosphate,  with 
a  little  animal  motter.  (Marcet,  Brande,  Wollaston,  and  Prevost) 
Brando  found  30  parts  of  ammoniaco-magnesian  phosphate,  64  of 
phosphate  of  lime,  and  6  of  animal  matter.  Lassaigne  found  53 
parts  of  oxalate  of  lime,  13  of  phosphate  of  lime,  and  39  of  animal 
matter:  in  another  calculus  he  found  97 J  of  cystin.  Two  urinary 
concretions  from  these  animals,  examined  by  myself,  were  white 
and  somewhat  crystalline;  they  consisted  principally  of  phosphate  of 
lime  with  a  little  carbonate  of  lime.  In  a  renal  calculus  from  a  dog, 
Lassaigne  found  58-0  parts  of  uric  acid,  30-8  of  urate  of  ammonia, 
^•l  of  oxalate  of  lime,  and  10-1  of  phosphate  of  lime.  Calculi  from 
oonsistj  according  to  Marcet,  of  ammoniaco-magnesian  phosphate 
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and  phosphate  of  lime;  according  to  Fourcroy,  of  oxalate  of  lime; 
and^  according  to  Morand,  of  phosphate,  carbonate,  and  oxalate  of 
lime.  Vesical  calculi  of  hares  consist,  according  to  Marcet  and 
Brande,  of  phosphate  and  carbonate  oi  lime.  Vesical  calculi  of  swine 
consist  chiefly  of  carbonate  and  phosphate  of  lime,  and  ammoniaco- 
magnesian  phosphate;  according  to  Yellowly  also,  of  oxalate  of  lime. 
The  renal  calculi  of  horses  consist  of  carbonate  and  phosphate  of  lime 
in  very  variable  proportions;  Gurlt  found  920g  of  the  former,  and 
,0-9^  of  the  latter;  while  Brande  found  22g  of  the  former,  and  76g 
of  the  latter:  their  vesical  calculi  are  composed,  according  to  Brande 
and  Marcet,  of  the  same  constituents:  a  specimen,  analyzed  by 
Buchholz,  likewise  contained  ammoniaco-magnesian  phosphate,  silica^ 
sulphate  of  lime,  and  carbonate  of  magnesia:  a  calculus,  analyzed  by 
Wackenroder,  contained  72-47  parts  of  carbonate  of  lime,  3-52  of 
carbonate  of  magnesia,  3*25  of  sulphate  of  lime,  1*91  of  phosphate  of 
lime,  17.10  of  mucus,  and  1*40  of  water.  Vesical  and  renal  calculi 
of  oxen  consist,  according  to  Rapp,  Brande,  and  Gnielin,  of  carbon- 
ate of  lime.  A  calculus,  analyzed  by  Wurzer,  contained  81*4  parts 
of  carbonate  of  lime,  6*2  of  phosphate  of  lime,  4*3  of  carbonate  of 
magnesia,  *009  of  peroxide  of  iron,  and  *001  of  peroxide  of  manga- 
nese. The  same  chemist  found  in  a  calculus  taken  from  the  urethra 
of  an  ox,  60  parts  of  carbonate  and  phosphate  of  lime,  38*2  of  silica, 
and  1*8  of  peroxide  of  iron.  In  a  very  hard  concretion  taken  from 
the  urethra  of  an  ox,  I  found  a  large  proportion  of  carbonate  of  lime^ 
mixed  with  a  little  phosphate  of  lime  and  silica. 

[The  following  analyses  have  lately  been  made  by  Von  Bibra: 

Caleoll  Arom  ureter  Calcului  ft-om  bladder 

of  a  borte.  of  twine. 

*  ^'             — » 

1.  9                3. 

Caibooatooflime        -           -       87-63  78-81  -^  — 

Carbmate  of  magncoa             -          —  9*31  —  — 

Ammoniaoo-magnesian  phosphate       661  —  93-27  90-41 

FbonhateoflimiB        .           .          —  -.  3-10  6-31 

Sulphate  of  lime          -           -         1'64  —  —  — 

Phosphate  of  magncsb             -          —  0-90  —  — 

Organic  matter  taken  up  by  potash     0*20  —  0*10  0-20^ 

"             ''               alcohol      —  0-30  —  — 

Fat                  ...         0-30  0-21  0-20  — 

Water  and  loss             -           -          1-62  10-47  4-33  3-09 

Calculnt  from  bladder  Do.  from  urethra 
ofoz.  of  ox. 

Carbonate  of  lime     -  -        61*66  64-6 

Carbonate  of  magnesia         -        30-78  28*3 

Fat  -  -  -         0-80  0*2 

Water,  hm,  and  traces  of  iron         6*76  6^ 

Lassaigne,  who  as  far  back  as  the  year  1828  published  a  memoir 
on  the  calculi  occurring  in  the  dog,  has  recently  detected  a  very 
singular  specimen  of  concretion  found  in  the  kidneys,  ureters,  and 
bladder  of  a  mastiff-bitch  that  died  from  dropsy.  The  calculi  were 
irregular  in  shape  and  of  a  beautiful  glass-green  colour.  They  con- 
tained : 

1  Uric  add  was  taken  up  by  the  potash  in  this  instance. 
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Green  biloiiigmeDt  -  -        13-1 

Phoiphate  onime  ...      a  trace. 

These  calculi  are  not  only  remarkable  for  having  uric  acid  as  a 


stur^eoi 

they  are  usually  somewhat  flattened,  and  marked  with  depressions ; 
externally  they  are  of  a  dull  yellow  colour;  internally  they  are 
nearly  colourless,  and  the  section  exhibits  a  concentric,  radiating,  and 
beautifully  crystalline  arrangement  Klaproth*  analyzed  a  concre- 
tion of  this  nature  weighing  seven  ounces;  it  burned  to  a  white  ash 
before  the  blowpipe,  and  uTtimatelv  fused;  it  dissolved  in  nitric  acid 
without  effervescence,  and  contamed  71*5  parts  of  phosphate  of 
lime,  0*5  of  sulphate  of  lime,  2*0  of  albumen,  and  24-0  of  water.  In 
a  urinarv  calculus  from  a  boa  constrictor,  Wurzer  found  40  parts  of 
uric  acid,  18  of  urate  of  ammonia,  9  of  urate  of  soda,  19  of  phosphate 
of  lime,  10  of  albumen,  3  of  organic  matter,  and  I  of  iron  with  traces 
of  manganese. 

Intestinal  Concretions  in  Man. 

From  the  researches  of  Dr.  Jager,*  it  appears  that  intestinal  con- 
cretions Twhich  are  of  much  rarer  occurrence  than  urinary  ealcuU) 
consist  of  earthy  phosphates  and  fatty  matters.  In  conducting  an 
analysis  of  an  intestinal  concretion,  we  proceed  in  much  the  same 
manner  as  in  the  case  of  a  fixed  urinary  calculus.  If  cholesterin  is 
present,  the  concretion  must  be  extracted  with  ether,  which,  on 
evaporation,  leaves  that  constituent  mixed  probably  with  other  fats; 
to  obtain  it  in  a  state  of  purity  we  must  saponify  the  other  fats  with 
potash,  remove  them  witn  water,  and  dissolve  the  residual  cholesterin 
m  boiling  alcohol,  from  which  it  separates  almost  entirely  on  cooling. 
The  other  fata  may  be  extracted  by  decomposing  their  aoaps  with 
hydrochloric  acid,  and  collecting  the  liberated  fatty  acids.  If  bilifel- 
linic  acid  is  present,  it  may  be  extracted  with  alcohol  after  the  fats 
have  been  removed  by  ether,  and  it  may  be  separated  after  evapo- 
ration of  the  alcohol  by  digestion  with  dilute  sulphuric  acid.     Boil- 

1  Bulletin  de  i'Acad^mie  de  M6deciiie,  Dee.  1843. 

'  Wohler  has  leoeDtly  analyzed  a  portkm  of  a  similar,  if  not  tbe  identical  ooQaedoo.    In  100 
parts  he  found: 

Aecordinf  to 

C«  O,  PO.-h5  HO. 
Phosohoric  add  ...       41*34  41*57 

Lime  ....       31-06  3SM8 

Water  ....       26-26  95<^ 

Organic  matter  ...         0»74  — 

Hence  diis  concretion  consists  of  the  neutrd  phosphate  of  lime  with  dft  atoms  of  water,  or 
Ca  O,  PO,  -f  5  HO,  whereas  common  bone  earth  is  2  Ca  O,  HO,  PO,  -|-  2  (3  Ca  O,  PC.) 
Wohler  suggests  the  probability  of  this  salt  oocuiring  in  the  ptistte  of  Ofdmaiy  bonshearth  in  toe 
bones  of  these  fishes.  J 

'  Ueber  die  DaraMteioe  det  Mciiacbea  u.  d.  Thiere^  Beii  1834. 
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ing  water  will  take  up  extractive  matter,  traces  of  chloride  of 
sodium,  chloride  of  calcium,  and  possibly  urate  of  ammonia,  a  salt 
once  observed  by  Brugnatelli  in  intestinal  concretions  passed  in  large 
quantity  by  a  woman.  When  various  organic  matters,  as  for  instance 
woody  fibre,  hair,  &c.  occur  in  these  concretions,  the  earthy  consti- 
tuents must  be  dissolved  in  dilute  hydrochloric  acid,  which  leaves 
these  organic  matters  unaffected. 

Intestinal  concretions  are  usually  round  or  oval,  but  when  several 
occur  together  their  rounded  form  is  often  destroyed.  In  size  they 
vary  extremely;  Ren  ton  describes  one  weighing  four  pounds,  but 
from  two  to  four  ounces  appears  the  ordinary  weight.  In  colour 
they  arc  most  commonly  yellow,  but  sometimes  more  or  less  gray 
or  brown.  Internally  they  present  a  laminated  appearance  like  that 
of  the  earthy  phosphate  calculi,  or  assume  a  radiating  character,  when 
they  contain  woody  fibre  or  hair.  Their  nucleus  is  usually  a'  foreign 
body,  a  fruitstone,  a  splinter  of  bone,  a  needle,  or  woody  fibre. 
Children  describes  a  calculus  that  was  formed  in  the  colon,  round  a 
plum-stone  as  a  nucleus.  It  contained  phosphate  of  lime  45*34, 
ammoniaco-magnesian  phosphate  5*16,  carbonate  of  lime  25-20,  re- 
sinous matter  3*90,  woody  fibre  20*30.  It  likewise  contained  traces 
of  hydrochloric  and  sulphuric  acids.  The  cortex  of  another  incrusted 
plum-stone  contained  phosphate  of  lime,  albuminous  matter,  fat,  and 
a  sulphur  compound. 

An  intestinal  concretion  examined  by  Davy  consisted  of  ammonia- 
co-magnesian  phosphate,  phosphate  of  lime,  carbonate  and  sulphate 
of  lime  with  traces  of  silica  56;  fibrous  matter  41;  animal  matter  2*5. 

A  concretion  found  in  the  intestines  of  a  boy  who  had  taken  car- 
bonate of  magnesia  for  a  long  period  continuously,  contained  no 
nucleus,  neither  did  it  present  the  ordinary  laminated  appearance;  it 
consisted  entirely  of  magnesia. 

The  flattened  concretions  found  by  Schonlein  in  the  intestinal 
ulcers  of  a  patient  with  enterophthisis  consisted,  according  to  Eastner, 
of  phosphate  of  lime,  urate  of  ammonia,  and  animal  matter. 

Fatty  matters  combined  with  earthy  phosphates  are  sometimes  dis- 
charged in  large  quantities:  hard  concretions  of  this  nature,  varying 
from  the  size  of  a  pea  to  that  of  a  musket-ball,  somewhat  compressed^ 
smooth,  a  yellow  waxy  appearance,  and  internally  white  and  horny, 
were  passed  by  a  phthisical  girl,  and  consisted,  according  to  Las- 
saigne,  of  74  parts  of  acid  fatty  matters,  margarin  and  olein,  21  of  a 
substance  resembling  fibrin,  4  of  phosphate  of  lime,  and  1  of  chloride 
of  sodium;  a  similar  mass  analyzed  by  Robiquet  contained  60  parts 
of  a  fatty  matter  resembling  spermaceti,  30  parts  of  phosphate  of 
lime,  and  8  of  animal  matter.  I  have  likewise  had  opportunities  of 
examining  substances  of  this  nature  discharged  by  the  rectum,  but 
they  were  soft,  and  had  a  caseous  appearance.  They  formed  irregu- 
lar, whitish,  easily  compressible,  greasy  masses;  contained  a  large 
quantity  of  acid  fat  (margarin,  olein,  butyrin,  and  fibrous  matter;)  and 

55* 
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left  a  large  amount  of  ub|  conaiBtiDg  for  the  moat  part  of  phoaphate 
of  lime.    (See  p.  588. ) 

Calculi  conaistiiig  of  cholesterin  with  biliary  rcaia  and  eolooring 
matter  are  aometimes  passed  from  the  iatestiaesy  but  as  thejr  moat 
have  had  their  orij^io  in  the  gall-bladder,  they  will  be  considered 
under  the  head  of  biliary  concretions. 

Davy  has  found  in  intestinal  concretions  a  large  amount  of  fibroa 
matter;  id  one  instance  it  amounted  to  78},  combined  with  81*6|  of 
saline  matter,  and  0*5}  of  yellow  pigment  In  another  case  it 
amounted  to  74"4{,and  was  associated  with  17*2}  of  resinoiia  matter, 
1«4}  of  lxt>wn  fflscal  matter,  and  7}  of  salts. 

Laugier  has  obsenred  hair  in  these  concretions,  matted  toggether  so 
as  to  form  thick  pilous 'masses. 

[An  essa^  on  this  subject  by  Dr.  Douglass  Madag^,  eontaining 
several  original  analyses,  and  published  in  vol.  L  of  ^The  Edinburgh 
Monthly  Journal  of  Medical  Science,'  nuy  be  consulted  with  i3* 
vantage.] 

Iniesiinal  Concretiona  in  Jinimab. 

Intestinal  concretions  are  by  no  means  rare  either  in  the  camivora 
or  herbivora;  they  seem  to  be  especially  common  in  horses.  Ther 
consist  principally  of  the  most  insoluble  salts  that  occur  in  the  fboo, 
which  instead  of  being  uniformly  distributed  throughout  the  whole 
of  the  chyle,  are  collected  at  particular  points,  or  else  after  having 
been  dissolved  in  the  stomach,  are  precipitated  in  the  small  intes- 
tines by  the  free  allcali  of  the  bile,  ana  settle  around  any  nucleus  they 
may  meet  with.  The  principal  constituents  of  intestinal  concretions 
are  phoaphate  of  lime,  phosphate  of  magnesia,  ammoniaco-magnesian 
phosphate,  and  occasionally  the  carbonates  of  lime  and  magnesia. 
Gurlt^  remarks  that  the  reddish  gray  concretions  found  in  the  stomachs 
of  horses  sometimes  attain  a  very  considerable  size;  (he  mentions  a 
case  in  which  a  concretion  weighed  14  pounds;)  they  consist  of  con- 
centric laminae,  and  are  very  hard.  In  horses  they  have  occasionally 
a  bluish-gray  tint 

I  have  analyzed  a  concretion  taken  from  the  caecum  of  a  cart-horse; 
it  was  round,  perfectly  smooth,  of  a  grayish-yellow  colour,  weighed 
about  12)  ounces,  was  3  inches  and  7  lines  in  diameter,  11  inches  in 
circumference,  and  consisted  of  3  strata  which  were  deposited  round 
a  fragment  of  granite.  All  three  laminae  were  composed  of  ammoni- 
aco-magnesian phosphate  with  a  little  of  the  alkaline  phosphates,  but 
without  any  phosphate  of  lime.  The  second  lamina  had  a  radiating 
structure,  and  between  the  rays  woody  fibres  might  be  detected. 
The  central  portion,  about  the  size  of  a  walnut,  presented  the  ap- 
pearance of  a  brown  urinary  calculus;  the  outer  layer  closely  re- 
sembled common  jasper.    The  analysis  yielded: 

1  Fatholog.  Anatomie  des  HtUMaugethiere,  p.  3S. 
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Animoniaco*magneflan  phosphate 

Pbomhates  of  potarii  and  sooa 

Sand 

Vegetable  fibre 

Akohol-eztract 

Water^ztnict 

Water  and  Iosb     • 


Analyait  164. 
8M1 
1-50 
0^ 
0-58 
0^ 
0^ 
15*19 


I  have  analyzed  some  of  the  concretions  in  the  museum  of  the 
Berlin  Veterinary  College.  Some  small,  flat,  reniform,  grayish 
brown  concretions  from  the  colon  of  a  horse  consisted  chiefly  of  pure 
ammoniaco-magnesian  phosphate  aggregated  around  very  minute 
nuclei  of  metallic  lead.  A  flat,  grayish  brown  concretion,  of  the  size 
of  a  pigeon's  egg,  taken  from  the  colon  of  a  horse,  contained  in  addi* 
tion,  some  phosphate  of  lime;  the  nucleus  was  a  fragment  of  brick. 
The  external  layer  of  a  gastric  concretion  from  a  horse,  weighing  8 
pounds,  consisted  principally  of  ammoniaco-magnesian  phosphate 
combined  with  some  phosphate  of  lime,  and  the  external  layer  of  a 
large  calculus  found  in  the  intestines  had  a  perfectly  similar  composi- 
tion. Some  small,  triangular,  smooth  and  white  concretions  from 
the  stomach  of  a  Dutch  mastiff,  when  fractured,  presented  a  beauti- 
ful, white,  sparkling,  crystalline  character,  €ind  were  composed  of  the 
same  constituents;  the  quantity  of  phosphate  of  lime  was,  however, 
very  small.  The  external  layer  of  an  intestinal  concretion  from  an 
ass  exhibited  white  and  chalky  lamellae,  with  little  firmness.  It 
consisted  of  carbonate  of  lime,  with  a  small  admixture  of  phosphate 
of  lime. 

Carbonate  of  lime,  such  as  I  observed  in  the  concretion  from  the 
urethra  of  an  ox,  and  in  the  above  mentioned  intestinal  concretion  from 
an  ass,  has  been  very  rarely  observed ;  Pearson  detected  it  in  a  gastric 
calculus  from  an  ape;  Kinast  in  asimilar  concretion  from  a  cow;  Pearson 
and  John  in  the  intestinal  concretion  of  a  horse;  and  Vauquelin  and 
Fourcroy  in  bezoars.  Uric  acid  was  observed  by  Fourcroy  in  the 
intestinal  concretion  of  a  horse. 

Concretions  formed  of  agglomerated  hairs  are  often  observed, 
especially  in  cows.  They  are  usually  brown  and  polished,  but  not 
hard. 

[Several  analyses  of  intestinal  concretions  have  been  recently  pub- 
lished by  Von  Bibra.*  We  give  the  two  following  as  illustrations 
of  their  composition: 


Ammoniaoo-magneaian  phosphate 

Pboiphate  of  lime 

Matten  taken  up  by  alcohol  and  ether 


Chloride  of  sodium 

Phosphate  of  soda 

Water,  vegetable  fibre,  traces  of  inn,  and  loss 


Concretions  (torn 
int«atinef  of  borie. 

9310 
M8 
(M3 
0-3G 
0^ 
0-31 
3^ 


1  Simon*s  Beitrage,  pp^  404, 12. 
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CoDcretion  froB 

aniUer^B  hone. 

1*01 
04i 
0-33 
0^0 
0«l 
4-39 


Airnnonbco^Mgneaap  pboiphatt 
Phosphate  of  lime 
Matter  taken  up  by  akohol 
"  bypotaih 

Sand      -  -  -  - 

Chloride  of  aodiiiin  and  tmoea  ofphoephate  of  eoda 
Waler,  traoea  of  inn,  regetabfe  fine,  and  loss 

The  occurrence  of  phosphate  of  soda  is  remarkable^  as  that  salt 
does  not  occur  in  the  gastric  juice.] 

Peculiar  concretions  are  found  in  the  intestinal  canal  of  an  herbi- 
vorous animal  inhabiting  Persia  and  Thibet  They  are  termed  be- 
zoar  stones;  they  are  round  or  oval;  in  colour  they  are  dark  green, 
brown,  or  black;  they  are  polished  on  the  surface, and  consist  internal- 
ly of  concentric  laminae.  Some  are  soluble,  others  insoluble  in  alco- 
hol, but  all  dissolve  in  caustic  potash.  The  researches  hitherto  made 
with  these  concretions  throw  very  little  light  on  their  real  composi- 
tion. They  are  usually  green  in  the  interior,  do  not  fuse  on  being 
heated,  and  give  off  a  not  disagreeable  odour.  Hot  water  extracts  a 
yellow  matter;  caustic  potash  dissolves  them  rapidly,  forming  a 
grayish  brown  solution,  from  which  a  dull  green  precipitate  is  thrown 
down  on  the  addition  of  an  acid. 

This  precipitate  dissolves  in  nitric  acid,  producing  a  red  tint,  which 
rapidly  changes  to  a  yellow,     fierzelius  is  of  opinion  that  the  princi- 

!>al  mass  of  bezoar  consists  of  biliary  fat  and  resin,  mixed  with  other 
atty  matter,  and  held  together  by  intestinal  mucus.^ 

Gall-stones  in  Man. 

Biliary  concretions  are  of  very  common  occurrence  in  the  human 
subject  They  consist  principally  of  cholesterin  with  a  small  amount 
of  other  fats,  bilifellinic  acid  or  biliary  resin  mixed  with  some  bile- 
pigment,  and  mucus.  In  analyzing  a  gall-stone,  we  first  reduce  it  to 
a  fine  powder,  which  is  a  matter  of  no  diificulty,  and  heat  it  on  the 
water-bath  in  order  to  expel  all  moisture.  The  powder  is  then  ex- 
tracted with  water,  which  takes  up  bilin  with  bilifellinic  acid,  and 
probably  a  little  extractive  matter;  these  are  obtained  by  evaporating 
the  water.  The  portion  not  taken  up  by  water  must  be  again 
dried  and  treated  with  hot,  pure  ether,  which  extracts  the  fat  We 
evaporate  the  ether,  and  dissolve  the  residue  in  hot  alcohol,  from 
which  cholesterin  crystallizes  on  cooling;  after  the  removal  of  the 
cholesterin  the  evaporated  alcohol  yields  the  other  fats  as  fatty  acids. 
The  residue  insoluble  in  ether  is  now  extracted  with  boiling  anhy- 
drous alcohol,  which  dissolves  the  biliary  resin.  On  evaporating  the 
alcoholic  solution  and  treating  the  residue  with  cold  alcohol,  we 
obtain  a  solution  of  biliary  resin  (fellinic  and  cholinic  acids,  and 
dyslysin.) 

*  [For  further  information  on  this  suhject  the  reader  is  referred  to  a  paper  hv  Gnibourt,  in 
vol  16  of  the  'Comptes  Rendun,'  and  to  obaervatioiis  *on  a  new  organic  aad  in  bezoar  stone*,' 
by  Lipowitz,  in  Simon's  Beitrage,  p.  468.J 
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The  portioQ  unacted  on  by  alcohol  may  still  contain  biliphaein  and 
biliary  mucus;  the  former  is  soluble  in  carbonate  of  ammonia^  the 
latter  in  a  solution  of  potash. 

Human  gall-stones  vary  from  the  size  of  a  hemp-seed  to  that  of  a 
pigeon's  egg;  they  are  round,  or,  if  several  occur  together,  angular 
and  flat-sided,  each  facette  lying  in  close  apposition  with  that  of  the 
adjacent  calculus.  Their  surface  is  smooth,  their  colour  brown  or 
yellow.  Internally  they  present  a  decidedly  crystalline  character, 
Uiey  are  white  or  yellow,  and  often  contain  a  minute  cavity  in  the 
centre,  of  a  darker  colour  than  the  rest  of  the  concretion,  and  pre- 
senting an  incrusted  appearance. 

Witting^  found  in  a  human  gall-stone  cholesterln  50;  resin  and  co- 
louring matter  insoluble  in  ether  35;  carbonate  of  lime  8,  water  5. 

The  following  analyses  of  human  gall-stones  were  made  by  Glaube 
and  Brande: 

Braiide. 


Glaube.  1.  9.  3. 

Chofeflkerai 56  81-25  69*76  81-77 

Bilnuyrean 8  3']2  5^  3-83 

Bile^igment              ....        15  9-38  11-38  7-57 

AlUuDen  with  mucus  and  salts  extractable  by  water  —  —  —  3-83 

Coagulated  albuDien    •           •           •           •         9  .._  — 

fiiliaiy  mucus             .           .           .           .        ]3  6-;^  13^^  — 

Id  addition  to  the  ordinary  constituents  Von  Bibra'  found  1*5§  of 
alumina  with  iron,  and  l-4ft  of  carbonate  of  lime  in  a  biliary  caicuius; 
and  Witting,  as  I  have  already  observed,  detected  a  considerable 
amount  of  the  latter  constituent  in  a  concretion  of  this  nature.  An  ex- 
traordinary quantity  of  this  earth  was  found  by  Bally  and  Henry  ia 
a  gall-stone;  it  consisted  of  carbonate  of  lime  with  traces  of  carbon- 
ate of  magnesia  72*70,  phosphate  of  lime  13*51,  mucus,  with  a  little 
peroxide  of  iron  and  bile-pigment,  10-81. 

[Schmidt  and  Wackenroder  have  recently  published  analyses  of 
human  biliary  calculi,  consisting  principally  of  colouring  matter. 
Archiv  der  Pharmacie,  vol.  41,  p.  291.] 

Berzelius  mentions  another  kind  of  gall-stones,  consisting  princi- 
pally of  carbon ;  at  least  it  is  insoluble  in  water,  alcohol  and  ether, 
acid  and  alkaline  fluids;  when  heated  to  redness  in  a  retort,  under- 
goes no  alteration,  but  when  burned  in  oxygen,  after  gi vine  ofi*  slight 
traces  of  smoke,  takes  fire,  and  burns  without  flame  or  residue,  with 
the  formation  of  carbonic-acid  gas. 

I  have  recently  examined  a  biliary  calculus  found  in  the  gall-blad- 
der of  an  officer  who  died  from  cerebral  and  spinal  irritation,  and  in- 
cipient softening  of  the  nervous  tissue:  in  contradistinction  to  the 
general  r\^le,  it  contained  mere  traces  of  cholesterin,  and  was  princi- 
pally composed  of  biliary  resin,  and  modified  colouring  matter. 

[Bertazei'  has  recently  announced  the  discovery  of  copper  as  a  con- 
stant ingi^edient  of  gall-stones.     He  analyzed  fourteen  of  these  concre- 

1  AiduT  der  Phann.  vol  25,  p.  292.  '  Joura  fur  piakt  Chemie,  toL  12,  p.  311. 

T  PQHTfl  Aunali  di  Cbimica.  Milan.  Jug^'o,  1845,  p.  32. 
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tions  sent  to  him  by  Polli,  aad  found  it  in  every  instance.   The  amount 
of  copper  seemed  to  stand  in  a  direct  ratio  to  the  amount  of  bile-pig- 
ment in  the  calculus.    Thus,  on  incinerating  an  almost  black  spong}- 
looking  concretion,  so  large  a  quantity  of  copper  was  present  in  the 
ash,  that  an  iron  cylinder,  nearly  a  line  in  diameter  and  four  inches 
long,  afler  immersion  for  a  few  seconds  in  a  dilute  acid  solution  of 
the  residue,  was  entirely  coated.    When,  on  the  other  hand,  merely 
the  nucleus  or  the  external  layer  contained  pigment,  the  indications 
of  the  presence  of  copper  were  comparatively  slight,  and  he  is  of 
opinion  that  perfectly  white  concretions  are  entirely  devoid  of  this 
constituent.     With  the  view  of  ascertaining  whether  copper  could  be 
detected  in  the  bile,  Bertazzi  analyzed  the  fluid  collected  from  the 
gall-bladders  of  ten  persons.     He  could  not,  however,  detect  any 
indications  of  the  metal. 

The  above  statement  respecting  the  presence  of  copper  in  biliary 
calculi  has  been  subsequently  confirmed  by  Heller.'] 

Biliary  Concretions  in  •Animals. 

Biliary  concretions  are  very  common  in  cattle:  Gurlt  never  ob- 
served them  in  horses,  and  only  once  detected  a  calculus  of  this  na- 
ture in  a  dog.  The  biliary  concretions  of  cattle  differ  considerably 
from  those  of  man ;  they  consist  for  the  most  part  of  biliary  pigment 
and  resin  with  a  little  cholesterin.  In  analyzing  the  biliary  concre- 
tions of  oxen  we  must  pursue  the  method  already  prescribed,  but  at 
the  same  time  we  must  not  overlook  the  circumstance  that  an  inde- 
pendent (lithofellinic)  acid  has  been  noticed  by  Gdbel  as  occurring  in 
them,  which  is  not  found  in  human  biliary  calculi.  It  is  soluble  in 
boiling  alcohol  and  crystallizes  on  cooling;  on  heating  it  fuses,  be- 
comes decomposed,  and  burns.  It  is  insoluble  in  acetic  and  hydro- 
chloric acids,  but  dissolves  in  caustic  potash,  with  which  it  forms  a 
soap  that  develops  an  odour  resembling  amber.  It  separates  from 
this  soap  in  a  crystalline  form  on  the  addition  of  an  acid.  These 
crystals  are  of  a  rhombic-prism  form,  dissolve  in  alcohol  and  ether  but 
not  in  water,  fuse  at  a  high  temperature,  and  combine  with  alkalies 
to  form  soaps,  which  are  slightly  soluble  in  water,  but  dissolve  readily 
in  alcohol  and  ether.  This  acid  has  also  been  observed  by  Wohler, 
and  I  have  likewise  detected  a  substance  in  the  biliary  calculi  of  cat- 
tle, which,  as  far  as  I  have  yet  been  able  to  analyze  it,  seems  to  be 
identical  with  lithofellinic  acid.  It  is  probable  that  lithofellinic  acid 
is  of  more  frequent  occurrence  than  has  hitherto  been  supposed;  it 
oueht,  therefore,  to  be  sought  for  in  all  biliary  calculi,  more  espe- 
cially in  those  of  cattle. 

The  biliary  calculi  of  cattle  vary  from  the  size  of  a  pea  \o  that  of 
a  pigeon's  egg;  they  may  be  easily  pulverized,  the  powder  varying  in 
colour  from  a  dull  green  to  a  clear  brown, and  possessing  a  decidedly 
bitter  taste.     On  boiling  the  pulverized  calculus  with  alcohol,  the 

*  Aichiv  fiir  physiolQg.  und  patiiolog.  Chemie,  voL  S,  p.  228, 
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alcohol  becomes  coloured  yellow  or  green,  and  leaves  on  evapora- 
tion a  small  quantity  of  biliary  resin  and  cholesterin.  The  powder, 
after  extraction  with  alcohol,  yields  to  caustic  ammonia  or  to  its  car- 
bonate, a  certain  amount  of  its  colouring  matter,  but  not  so  much  as 
is  taken  up  by  even  a  very  dilute  solution  of  caustic  potash.  The 
alkaline  solution  is  of  a  yellowish  brown  tint,  but  soon  changes  into 
a  green.  On  the  addition  of  hydrochloric  acid  to  the  alkaline  solu- 
tion the  colouring  matter  is  precipitated  in  the  form  of  gray  flocculi 
which  dissolve  readily  in  alcohol,  leaving  in  an  insoluble  state  the 
mucus  that  had  been  dissolved  by  the  potash. 


SchQbler  and  Michel^  analyzed  a  concretion  found  in  a  cystic  tu- 
mour in  the  liver  of  a  man.  It  was  of  a  red  colour,  and  was  com- 
posed of  25  parts  of  yellow,  slightly  saponifiable  fat  soluble  in  ether, 
and  of  75  parts  of  red  colouring  matter.  This  colouring  matter 
presented  several  remarkable  characters:  and  Berzelius  regards  it  as 
a  morbid  form  of  the  ordinary  bile-pigment. 

Salivary  Cdkulh  Tartar,  ^c. 

In  man  salivary  calculi  are  of  rare  occurrence,  but  the  formation 
of  tartar  on  the  teeth  is  continually  observed :  it  consists  of  earthy 
phosphates,  epithelium-scales,  a  little  ptyalin,  and  fat,  and  when  ex- 
amined under  the  microscope  there  are  seen  abundance  of  pavement 
epithelium  and  mucus-corpuscles  with  fat-vesicles,  and,  in  addition 
to  these,  numerous  long  acicular  bodies  and  infusoria  of  the  genera 
Vibrio  and  Monas. 

According  to  Berzelius  tartar  is  composed  of  earthy  phosphates 
79*0,  salivary  mucus  12*5,  ptyalin  1-0,  animal  matter  soluble  in  hy- 
drochloric acid  7*5. 

Vauquelin  and  Laugier  obtained  similar  results,  namely,  66  parts 
of  phosphate  of  lime  with  a  little  magnesia,  9  of  carbonate  of  lime, 
13  of  salivary  mucus,  and  5  of  animal  matter  soluble  in  hydrochloric 
acid. 

Poggiale'  analyzed  a  salivary  calculus  taken  from  a  man;  it  was 
hard,  round,  tuberculated,  of  a  yellow  colour,  and  easily  pulverized. 
It  contained  a  large  amount  (94*§)  of  phosphate  of  lime,  with  a  little 
mucus  and  animal  matter. 

Wurzer^  analyzed  a  calculus  from  the  maxillary  gland  of  a  man; 
it  weighed  three  grains,  was  oval,  of  a  grayish  white  colour,  and  con- 
sisted principally  of  carbonate  of  lime  and  earthy  phosphates,  with 
traces  of  iron  and  manganese. 

Salivary  calculi  are  of  frequent  occurrence  in  the  ass  and  the  horse, 
and  are  occasionally  found  in  the  dog.  They  consist  for  the  most 
part  of  earthy  carbonates  mixed  with  a  small  amount  of  earthy 
phosphates  and  animal  matters. 

>  Joimal  far  mkt  Chemie,  yoL  8,jp.  378.  *  Joamal  de  Phannacie,  1830,  p.  337. 

>  Aicfaiv  der  rhannocie,  vol.  14,  p.  z^. 
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The  following  analyses  will  give  an  idea  of  their  composition: 

*'  From  an  ui.    Froniftbom.  Fiom  abont. 

oflSme  ...       91-6  84  86^ 


Carbonate  of  magneaa    - 
Fhonphate  of  Ume 
Aninul  matter  aoluble  in  water  - 
Water  .  .  . 


—  —  7-56 
4*6  3  4-40 
3«  9  Mai 

—  S  — 


Similar  concretions  occur  in  many  other  parts  of  the  organism.    I 
shall  notice  a  few  instances. 

Wurzer  analyzed  a  concretion  formed  in  one  of  the  tonsils:  exter- 
nally it  was  of  a  grayish  white  colour,  marked  with  rose-red  spots, 
and  verrucose;  internally  it  presented  no  appearance  of  lamellae,  al- 
though it  contained  an  oval  nucleus.  It  consisted  of  phosphate  of 
lime  63*8,  carbonate  of  lime  16*7,  animal  matter  13*3,  ptyalin  with 
chlorides  of  sodium  and  potassium,  7*1,  iron  and  traces  of  manganese, 
0*1.  Daniel  has  described  a  hard  and  dense  tumour,  containinz,  how- 
ever, traces  of  fibrous  tissue,  that  occurred  in  the  anterior  wall  of  the 
uterus  of  a  single  woman  aged  72  years.  It  contained  35§  of  animal 
matter  and  water,  56g  of  phosphates  of  lime  and  magnesia,  5§  of  car- 
bonate of  lime,  and  4§  of  chloride  of  sodium  and  other  salts.  An 
earthy  deposit  in  the  uterus,  analyzed  by  Wiggers,  contained  46-8$ 
of  earthy  phosphates  and  carbonates,  and  46-1 J  of  fibrin,  with  a  little 
fat  Poggiale  has  examined  the  muscular  tissue  of  a  man  in  whom 
ossification  of  the  muscles  had  proceeded  to  such  a  length  as  almost 
entirely  to  prevent  any  voluntary  motion.  A  portion  of  the  ossified 
gastrocnemius  contained  58g  of  organic  matter,  32*09^  of  phosphate 
of  lime,  1*25^  of  phosphate  of  magnesia,  and  8*66 J  of  carbonate  of 
lime. 

Concretions  in  the  brain  arc  very  rare.  I  obtained  a  concretion 
of  this  nature  that  had  formed  in  the  cerebellum;  it  was  about  the 
size  of  a  nut,  of  an  irregular  angular  form,  very  solid,  and  both  inter- 
nally and  externally  resembled  a  portion  of  bone.  The  whole  con- 
cretion was  enveloped  in  a  fine  coriaceous  capsule;  it  consisted  prin- 
cipally of  phosphate  and  carbonate  of  lime,  with  a  little  cholesterio. 
A  similar  concretion  analyzed  by  John  consisted  of  75  parts  of  the 
phosphates  of  lime  and  magnesia,  and  25  of  animal  matter;  another, 
examined  by  Morin,  was  composed  of  cholesterin,  coagulated  albu- 
men, and  earthy  phosphates.  In  a  concretion  taken  from  the  brain 
of  a  horse  Lassaigne  found  58  parts  of  cholesterin,  39*§  of  coagulated 
albumen  and  cellular  matter,  and  2*5  of  earthy  phosphates. 

[Soberer  found  in  the  gritty  matter  contained  in  the  pineal  gland: 

Oi^ganic  matter    ....        22*460 
Phoephate  of  lime  ...        60-321 

Caxtxmateoflime  ...        17<219  ] 

A  concretion  from  the  eye  of  a  blind  man  contained,  according  to 
Wurzer,  47*9  parts  of  phosphate  of  lime,  9-5  of  the  carbonates  of 
lime  and  magnesia,  20*3  of  mucus,  0*9  of  peroxide  of  iron,  and  11*9 
of  clear  fat  resembling  butter.     A  nasal  concretion  occurring  in  a 
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woman  aged  57  years  was  found  by  Brandes^  to  consist  of  79*6  of 
phosphate  of  lime,  6*4  of  carbonate  of  lime,  and  14  of  chloride  of 
sodiumi  animal  matter,  and  water.  It  consisted  of  five  portions, 
weighing  altogether  210  grains.  It  varied  externally  from  a  grayish 
white  to  a  yellowish  green  colour,  and  its  internal  surface  was  gray 
and  finely  granular. 

A  nasal  concretion  analyzed  by  Regnard  consisted  principally  of 
carbonate  of  lime,  with  a  little  phosphate  of  lime  and  animal  mat* 
ter.  A  specimen  analyzed  by  Geiger  consisted  almost  entirely  of 
earthy  phosphates  and  carbonates,  while  another  examined  by  Her- 
berger,  yielded  46g  of  dried  nasal  mucus.  A  calculus  of  this  nature 
weighing  81  grains,  analyzed  by  Romer,  contained  90  parts  of  phos- 
phate of  lime,  5  of  carbonate  of  lime,  and  5  of  animal  matter  with 
traces  of  carbonate  of  soda.' 

Concretions  formed  in  the  lungs  consist  also  principally  of  the 
earthy  phosphates  and  carbonates.  A  pulmonary  concretion  analyzed 
by  Sgarzi,  contained  carbonate  and  phosphate  of  lime,  carbonate  of 
magnesia,  cholesterin,  fat,  mucus,  albumen,  peroxide  of  iron,  and 
silica.  A  concretion  of  this  nature,  that  had  been  expectorated,  was 
analyzed  by  Brandes;  it  contained  the  above  mentioned  salts,  cement- 
ed with  mucus  and  albumen. 

On  examining  the  lungs  of  the  boy  with  the  osteoid  tumour,  noticed 
in  p.  605,  there  was  found  in  them  an  oval,  solid  encysted  concre- 
tion, of  the  size  of  a  hazel  nut  Being  anxious  to  ascertain  whether 
it  was  allied  to  the  osteoid  tumour  in  its  composition,  I  analyzed  it 
and  found  in  100  parts  : 

Anal.  165. 

Organic  matter  -  -        38*89  In  100  parts  of  fixed  salts. 

Fixed  nlta     -  -  -       OMl 

Earthy  phosphates  -  -        53-33  87-20 

Carixmate  of  lime    -  -         7-04  11-50 

Solobie  salts  -  -         0*37  0-65 

Hence  this  concretion,  in  relation  to  the  proportions  of  its  salts, 
differs  only  in  this  respect  from  the  osteoid  tumour — that  it  contains 
a  larger  amount  of  carbonate  of  lime  and  a  smaller  quantity  of  soluble 
salts. 

[A  concretion  found  in  one  of  the  bronchi  of  a  man  who  died  from 
phthisis  was  analyzed  by  Scherer.  It  had  a  knotty,  white  appearance, 
and  was  invested  with  a  delicate  membrane.    It  contained  in  100 


parts: 


Organic  matter        ...           -           -  80-10 

Phosphate  of  lime    -----  69-92 

Carbonate  of  lime    -----  9-09 

Chloride  of  sodiam,  sulphate  and  phosphate  of  soda  0-89 


A  hard  concretion  of  the  size  of  a  pea,  attached  to  the  pleura,  was 
analyzed  by  Schierenberg,  and  found  to  contain: 

1  AichiT  der  Pharmacie,  vol  1 1 ,  p.  157. 

s  [Much  additional  matter  on  the  chemistiT  of  nasal  concretions  may  be  found  in  a  pi^ier 
by  Denwrqoay,  in  ^  *  Archives  g^n.  de  M6<tecine/  Join,  1845.] 
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Orgnic  iMtler        .....     36*967 

FhoilibalB  offime 5&984 

Cttbonate  of Imie    .....       7a09] 

A  concretion  in  the  pericardiuroi  analyzed  by  Petroz  and  Robinet, 
consisted  of  65*3  parts  of  basic  phosphate  of  lime,  6*5  of  carbonate  of 
magnesia,  4-0  of  sulphate  of  soda,  with  a  little  sulphate  of  lime,  and 
84-3  of  organic  matter.  Concretions  in  the  mesenteric  glands  have 
been  analyzed  by  Wild:  they  contained  56*61^  of  phosphate  of  lime, 
2}  of  carbonate  of  lime,  and  26-282  ^^  cellular  membrane  and  fat 
In  a  calcareous  deposition  on  the  peritoneum,  Bley*  found  34  parts 
of  carbonate  of  lime,  27*66  of  carbonate  of  magnesia,  10-32  of  phos- 
phate of  lime,  and  12*4  of  albumen,  mucus,  and  fat.  A  concretion 
from  the  prostate  gland,  examined  by  Lassaignc,  contained  84 '5g  of 
phosphate  of  lime,  with  traces  of  carbonate  of  lime  and  animal  matter. 

I  examined  an  incrustation  occurring  in  the  aorta  of  an  old  man 
who  died  from  phthisis  pulmonalis;  it  consisted  principally  of  carbo- 
nate of  lime  ana  earthy  phosphates. 

[The  ossified  arterial  membrane  in  the  case  of  marasmus  senilis, 
mentioned  in  p.  535  yielded,  after  careful  preparation: 

Orginic  matter  ...  7*292 

Phoaphate  of  fime  ...  63-636 

PhuMiihate  oTmagneaia  ...  10-909 

Carbonate  of  lime  -  -  -  18-181] 

Gouty  Concretions,  which  frequently  form  on  the  joints  of  the 
hands  and  feet,  consist  of  urate  of  soda,  with  a  little  of  the  urates  of 
potash  and  lime,  chloride  of  sodium,  and  ordinary  animal  matter. 
Wollaston  was  the  first  to  describe  their  composition  correctly.  The 
two  following  analyses  will  illustrate  their  composition: 

Lauffier.*  Waraer. 

Uric  add          .           .           .           .  ]&T  20-0 

Soda                -           -           ..  16-7  aOO 

Lime               ....         8-3  lOO 

Chloride  of  sodium       -           -           -  16-7  ]80 

CUoride  of  potassium  -           •           .  —  2-3 

Animal  matter             ...  ]6*7  19-5 

Water             .           .           .          .         8>3  lU-3 

Some  gouty  concretions,  about  the  size  of  a  pea,  were  analyzed  by 
Pauquy  and  Bor,  and  found  to  consist  of  urate  of  soda,  urate  of  lime, 
and  an  albuminous  substance,  but  no  chlorides. 

[In  page  602  there  is  an  analysis  of  bone  in  a  case  of  arthritis,  by 
Marchand.  The  same  chemist  analyzed  a  gouty  concretion  on  the 
lower  articulation  of  the  femur.     It  contained: 


Urate  of  soda 


Urate  of  lime 
Carbonate  of  ammonia 
Chloride  of  sodium 
Water      - 
Animal  matter 


34-20 


2-12 
7-86 

14-12 
6-80 

32-53 

Lehmann  analyzed  a  tophaceous  concretion  that  formed  on  the  me- 
tacarpus of  a  man  only  22  years  old,  but  who  had  suffered  from  well- 


1  Aidiiv  de  Pharmacie,  vol  20,  p.  212. 
'  The  loss  in  this  analysis  amoonti  to  16-6. 
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marked  gout  It  was,  on  its  removal,  soft  and  tough,  white  inter- 
nally, and  reddish-brown  on  its  external  surface.  When  dried,  it 
formed  a  white  chalky  mass.  Under  the  microscope  there  were 
seen  innumerable  four-sided  prisms  arranged  in  stellar  groups ;  these 
consisted  of  urate  of  soda.     The  concretion,  when  dried,  was  found 


to  contain: 

Urate  of  soda 
Urate  of  lime 
Chloride  of  sodium 
Phosphate  of  lime 
Cellular  tissue 
Water  and  loss     - 


52>12 
1'25 
9-84 
4-32 

2&49 
3^ 


A  concretion  of  this  nature,  analyzed  by  L'Heretier,  yielded: 

Urates  of  amnBonia,  soda,  and  lime  -  49 

Phoiphate  of  lime  ...  42 

Oiganic  matter  and  water  •  -  -  9  ] 

Tubercle. 

Chemical  analysis  has  hitherto  thrown  very  little  light  on  the 
nature  of  tubercle,  or  on  the  mode  of  its  formation.  A  tubercular 
mass,  analyzed  by  Preus,  contained  19*5  of  solid  constituents  and 
80*5  of  water.  The  solid  constituents  were  composed  of  a  substance 
resembling  casein  in  its  relations  towards  acetic  acid  and  heat,  a  fat 
containing  cholesterin,  and  a  very  small  quantity  of  salts. 

In  an  analysis  which  I  instituted  of  a  mass  of  tubercle  from  a 
horse,  I  detected  a  little  of  the  caseous  matter  noticed  by  Preus. 
The  tubercular  matter  was  deposited  in  masses  from  the  size  of  a  nut 
to  that  of  a  pigeon's  egg;  it  varied  from  a  yellow  to  a  flesh  colour, 
and  its  consistence  was  such  as  to  admit  of  its  ready  division  by  the 
knife.  Internally  it  was  green  and  resembled  coagulated  casein.  It 
was  composed  of: 


Analytis  166. 

Water       .... 

84-27 

Fat  containing  cholesterin  • 

1-40 

8()irit«xtract  with  salts 

Cfaaeous  matter  with  wateri«xtnM:t  - 

1*52 

1-14 

Water-extract  and  salts 

3*60 

Insoluble  constituents 

4-44 

[The  following  ultimate  analyses  of  tubercle,  by  Scherer,  are 
highly  important  in  tending  to  throw  light  on  the  chemistry  of  its 
formation. 

Crude  pulmonary  tubercle  yielded  little  fat  or  extractive  matter, 
showing  that  the  morbid  process  was  not  far  advanced.  An  ultimate 
analysis,  after  the  most  careful  removal  of  foreign  constituents  gave: 

Caifoon  -  -  -  53*888^ 

Hydrogen  ...  7*112  I  whidi  corresponds  with  the 

Nitrogen  -  -  -  17-237  f    fonnuU  C„  H„  N,  0», 

Oxygen  -  -  -  21-767J 

Hence  tubercle  may  be  regarded  as  protein*  {C^U^fi^^j)  from 

1  Hiis  is  Liebig's  formula. 


*6» 
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which  five  atoms  of  carbon,  one  of  hydrogen,  and  one  of  oxygen 
have  been  removed. 

A  maas  of  tubercle  depoaiteil  in  (he  liver,  when  examined  nnitt 
the  microscope,  was  found  to  contain  round,  irregular,  nucleated  ceUs 
larger  than  pus-corpuscles,  and  numerous  interspersed  granules. 

In  1000  parts  there  were  contained: 

Water  •      %  .  SSMI 

BdHAnmAob     -          •  __^j:          '.         • ;  ^^*^ 

Fat  taken  up  by  6diBf»  ccmriiiliiig  of  obin  md  umMihi  1843 

AksohoUitract 91-75 

Waftei^eztrKt  wifli  raj  diglit  tnoee  of  pjb  •          •  8<M 

biaoliible  oraanic  nate       ....  12(KM 

Fixedaaha 4-90 

Thia  inaoliible  pottioo  ooDtaiiied: 

Caibon        ....  64*564*) 

HydnmD   .           -           .          •  M21  ImbiA  eotrenoodi  with  die 

N&ro0»     ....  IG-gaSf    inmiia  CT,.  U.  N.  O^ 

Oxygen      ....  8l*397j 

Hence  it  may  be  supposed  to  be  derived  from  protein  that  has  lost 
three  atoms  of  carbon  and  one  of  oxygen. 

In  tubercular  masses  found  in  the  abdominal  cavity,  resembling 
coagulated  albumen,  there  were  found : 

Wste 80MI 

Solid  madoe          ....  106-18 

Fat        .          .          .          .  8&40 

Canb  and  alooboUztiaot  1M9 

Fyin  and  water'«ztract    ...  6*19 

Salts 7-43 

Ciude  tubercular  matter  ...  64'65 

which  yielded  in  three  analvaes: 

Caiboo     -  .  5&299  55^}69  66-137 

Hydrogen  -  7-098  7-004  6-944 

Nitrogen  -  1&698  16-534  16-476 

Oxygen    -  -  20-905  21-393  21-443 

These  analyses  correspond  with  the  formula  C 


^H^N^Oj^;  hence 
m  from  which  two 


tubercle  in  this  case  may  be  regarded  as  protem 
atoms  of  carbon  and  one  of  oxygen  have  been  removed. 

In  this  instance,  the  surface  oi  the  liver  was  coated  with  a  layer  of 
plastic  exudation  a  line  and  a  half  thick.  This  was  separated  and 
analyzed  in  the  same  manner  as  the  tubercular  matter.     It  contained: 


Water        .... 
Solid  oonatitoaiti 
Fat        .  .  -  - 

Water-extract  with  pyin  and  caaein 
Spiiit-eztnurt       ... 
Salte       .... 
Inaohible  oiganic  reaidae 
Containing — Carbon   • 

Hydrogen 

Nitrogen 

Oxygen 

This  substance  is  consequently  identical  in  its  ultimate  composi- 
tion with  the  tubercular  matter  found  in  the  abdomen. 

Tubercular  matter  from  the  brain  yielded^  after  purification : 


731-09 
268-38 
1547 
4-32 
&83 
&40 
237-96 
55-190 
7186 
le'OOS 
21-022 
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Caibon  -  -  -  54-410^ 

Hydrogen  .  -  -  7*147  I  which  correspmds  with  the 

Nitrogen  -  -  -  16-366  f    foimuU  C^  H„  N,  O,, 

Oxygen  -  -  -  22-<>77j 

That  is  to  say,  two  atoms  of  carbon  less,  and  one  atom  of  hydrogen 
more  than  occurs  in  protein. 

If  in  this  and  the  preceding  apalyses  the  formulae  for  the  morbid 
deposits  are  calculated  in  relation  to  C^,  their  connexion  with  the 
formula  for  protein  will  be  more  obvious  to  the  eye.    We  shall  have: 

2  At  oftubeicQlar  matter  from  the  lungs  .  ■s2Pr4- NH.+3H0+H 

2  At  of  tubercular  matter  from  the  Iner  .  B2Pr+NH,  4-H 

2  At  oftubercular  matter  from  the  abdomen       .  =2Pr*hNH, 

4  At  of  cerebral  tubercle  ....  =  4l^  +  NH,+4H04-3H 

Scherer  has  adopted  a  similar  course  of  research  with  other  mor- 
bid products. 

A  scrofulous  mass  found  in  the  abdomen  of  a  child  who  died  from 
general  scrofula,  was,  after  extraction  with  water,  alcohol,  and  ether, 
submitted  to  ultimate  analysis.     Independently  of  salts,  it  yielded: 

Carbon.  -           -           -  54-1251 

Hydrogisn  ...  7*281  I  which  ooneflponds  with  fbe 

Witrogen  -           .           -  15-892  f    formula  C^  H„  N,  0„ 

Oxygen  -           -           -  22'702J 

Hence  the  scrofulous  matter  may  be  regarded  as  formed  from  pro- 
tein by  the  removal  of  two  atoms  of  carbon  and  oxygen,  and  the  ad- 
dition of  two  of  hydrogen,  or  making  the  amount  of  carbon  the  same 
in  the  scrofulous  mass  and  the  protein,  we  have:         ^ 

1  At  scroiulouB  matter  =  Fr  +  HO+2  H. 

Carcinoma  uteri  and  scirrhus  testiculi  were  examined  by  Scherer 
in  a  similar  manner. 

L'Heretier  has  made  the  three  following  proximate  analyses  of 
scirrhus : 

Of  dorsal  refion. 

24-60 

21-70 

27-16 

8-17 

8-06 


Ofbreait 

Of  otenu. 

Water         ....        29-75 

2115 

Albumen 

m                           t 

2810 

29-85 

Fibrin 

•                                            4 

.        18-80 

15-20 

Gelatin 

»                                            ■ 

7-60 

—. 

Fat 

* 

2H)0 

—. 

Pho^orized  &t       • 

■                            a 

— 

600 

Peroxide  of  iron 

115 

1-25 

Yellow  pigment 

>                            • 

^■i^ 

7-00 

Salts 

■                           m 

12-60 

9-55 

10-13]     * 

A  fatty  tumour  analyzed  by  Nees  von  Esenbeck^  contained  23*0 
of  solid  fat,  12*0  of  extract  of  flesh,  11*0  of  gum-like  animal  matter, 
23*0  of  albumen,  19-0  of  phosphate  of  lime,  2*0  of  carbonate  of  lime, 
and  1-5  of  carbonate  of  magnesia.  It  is  not  stated  whether  this  solid 
fat  contained  cholesterin;  in  all  probability  it  did,  as  this  fat  is  of 
frequent  occurrence  in  fatty  tumours.  In  a  fatty  tumour  examined 
by  J.  Muller  there  were  acicular  crystals  mixed  with  a  gray  substance 
which  was  deposited  in  vesicles  and  dissolved  in  boiling  water,  from 

1  Kaatner's  Ardiiv,  vol.  12,  p.  460. 
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which  it  was  not  precipitated  by  acids  or  the  ordinary  metallic  salts. 
The  crystals  were  insoluble  in  acids^  water,  or  alcohol,  but  dissolyed 
in  ether;  hence  they  probably  consisted  of  cholesterin.  Another 
fatty  tumour  contained  some  casein  precipitable  from  the  aqueous  so- 
lution by  acetic  acid. 

Incrustations  on  the  surface  of  the  hody^ 

Sore  surfaces  from  which  the  epidermis  has  been  removed  are  co- 
vered by  a  fluid  which  usually  consists,  according  to  Berzelius,  of 
serum.  This  fluid  dries  up  and  protects  the  exposed  surface  from 
the  atmospheric  influence.  My  own  investigations  lead  me  to  be- 
lieve that  this  fluid  difiers  materially  from  serum,  that  it  contains  a 
much  larger  quantity  of  albuminate  of  soda,  and  that  its  solid  residue 
consists,  for  the  most  part,  not  of  coagulated  albumen,  but  of  epithe- 
lium-and  pus-cells.^  Lassaigne  has  analyzed  the  crusts  of  small-pox; 
they  contained  63 — 70  parts  of  coagulated,  and  15—14  of  uncoagu- 
lated  albumen,  2 — 1  of  fat,  18 — 11  of  extract  of  flesh,  and  2 — %'b  of 
salts.  Wackenroder  found  uncoagulated  albumen  in  the  crusts  of 
tinea  capitis. 

I  have  analyzed  the  crusts  which  formed  on  sores  on  the  body  of 
a  man  with  a  severe  attack  of  icterus.  They  appeared  as  yellow  or 
whitish-yellow  scales,  or  as  large  shreds  of  skin,  and  were  very  diffi- 
cult to  pulverize.  When  rubbed  with  water  they  swelled,  and  ulti- 
mately formed  an  emulsive  sort  of  fluid,  which  did  not  clear  on 
standing,  and  in  which  a  very  large  number  of  epithelium-scales 
were  suspended.  The  filtered  fluid  coagulated  very  slowly  on  the 
application  of  heat,  but  became  covered  with  a  film  during  evapora- 
tion. It  had  a  faintly  alkaline  reaction,  and  was  rendered  slightly 
turbid  by  the  addition  of  an  acid,  but  again  became  clear  on  the  addi- 
tion of  an  excess  of  the  test.  It  was  strongly  precipitated  by  ferro- 
cyanide  of  potassium,  infusion  of  galls,  and  bichloride  of  mercury. 
On  heating  the  residue,  after  evaporation  with  water,  it  was  found 
to  be  almost  insoluble;  alcohol  took  up  some  extractive  matter  with 
a  very  little  chloride  of  sodium. 

The  residue  yielded  an  ash  which  slightly  effervesced  on  the  addi- 
tion of  nitric  acid,  and  contained  mere  traces  of  the  earthy  phos- 
phates and  chlorides,  but  a  considerable  amount  of  phosphate  of  soda. 
The  portion  insoluble  in  water  appeared,  when  examined  under  the 
microscope,  to  consist  of  epithelium-cells,  for  the  most  part  more  or 
less  injured.  Alcohol  took  up  from  these  scales  a  little  yellow  fat 
%yhich  partly  separated  on  cooling:  this  portion  consisted  of  marga- 
ric  acid  and  margarin,  while  oleic  acid  remained  in  solution.  The  ash 
left  by  the  direct  incineration  of  the  scales  contained  scarcely  appre- 
ciable traces  of  sulphates  or  chlorides,  a  little  carbonate  and  a  large 

'[In  connexion  with  this  subject  a  paper  *  On  Pyin,  and  its  importance  in  the  huinan 
prganism/  by  Eichholtz,  in  Rust's  Mag.  fiir  die  gesammtc  Heilkunde,  voL  64,  p.  140,  may 
be  consulted  with  advantage.] 
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amount  of  phosphate  of  soda,  earthy  phosphates^  and  a  trace  of  iron. 
Hence  these  scales  contained  the  ordinary  fats  and  fatty  acids,  a  lit- 
tle uncoagulated  albumen,  a  large  quantity  of  albuminate  of  soda, 
some  extract  of  flesh,  and  a  considerable  amount  of  salts,  in  which 
the  phosphate  of  soda  and  earthy  phosphates  predominated.  No  bi- 
lin  could  be  detected,  and  only  a  trace  of  bile-pigment 

I  have  recently  examined  the  scales  of  a  person  with  ichthyosis. 
They  were  of  a  gray  or  black  colour;  when  placed  in  water  they 
softened,  and  on  then  placing  a  section  under  the  microscope  I  found 
that  the  abnormal  structure  was  formed  of  compressed  epithelium- 
scales. 

On  incineration  the  scales  left  an  ash  containing  carbonate  and 
phosphate  of  lime,  and  peroxide  of  iron ;  the  latter  was  in  such  abun- 
dance as  to  communicate  a  yellow  colour  to  the  ash.  The  ash  yielded 
by  the  incineration  of  the  ordinary  thickened  skin  on  the  hands  and 
feet  is  perfectly  white,  and  contains  a  mere  trace  of  peroxide  of  iron. 
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Hydatids  are  round  vesicles  filled  with  fluid,  sometimes  but  not 
always  containing  a  minute  animal  (echinococcus;)  these  vesicles  oc- 
cur most  commonly  in  the  brain  or  liver.  Gobel  analyzed  hydatids 
from  the  liver  of  a  goat;  the  echinococcus  was  present  in  large  num- 
bers; the  fluid  contained  in  the  vesicles  was  clear,  yellow,  neutral, 
gave  off  an  unpleasant  odour  during  evaporation,  and  blackened  a 
silver  spatula  with  which  it  was  stirred.  It  yielded  l-54§  of  solid 
residue  consisting  of  *04  albumen,  0*24  mucus,  and  1*26  salts,  namely, 
carbonate  of  soda,  chloride  of  sodium,  sulphate  of  potash,  and  phos- 
phate of  lime.  The  vesicle  itself  was  insoluble  in  water  and  alcohol, 
yielded  a  little  fat  to  ether,  swelled  in  acetic  acid  without  dissolving, 
but  dissolved  in  a  solution  of  caustic  potash,  from  which  it  could  be 
precipitated  by  the  addition  of  acetic  acid. 

Collard  de  Martigny  has  likewise  analyzed  hydatids.  The  fluid 
contained  in  them  was  faintly  yellow,  and  somewhat  turbid  from  the 
presence  of  flocculi  of  albumen,  which  soon  settled  to  the  bottom. 
Boiling  produced  a  marked  turbidity  in  consequence  of  the  coagula- 
tion of  albumen.  It  contained  water  96*5,  albumen,  2*9,  and  salts, 
for  the  most  part  of  chloride  of  sodium,  0*6. 

The  membrane  enclosing  the  fluid  was  divisible  into  five  laminae, 
was  insoluble  in  ether,  alcohol,  and  boiling  water,  but  dissolved,  even 
without  the  aid  of  heat,  in  sulphuric,  hydrochloric,  and  nitric  acids, 
from  which  it  was  not  precipitated  on  neutralization  with  a  free  al- 
kali; it  was  not  dissolved  by  acetic  acid,  and  was  rendered  leathery 
by  infusion  of  galls. 
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[Scherer  has  analyzed  the  fluid  contained  in  hydatids  of  the  kid- 
ney. It  was  of  a  brownish  yellow  colour,  threw  down  a  light,  floe- 
culent,  brown  deposit,  and  evolired  an  ammoniacal  odour. 

In  1000  parts  there  were  contained: 


Wtler             .....  934*762 

Solid  ooDStitiientB         ....  6&S38 

Attminen                  ....  15-960 

ARwmiimto  of  «>dft  ....  ](H)44 

AloolKil-eztnct  wHh  lactatof  &  ammonbMlti  22-312  ^  fpr^^CmMd  mmt^am 

Waterueztract           ....  3.797  ^  *™*«-"«^  umaen 

Fat              -           -                       -           -  ftOi2 

Inorganic  alts          ....  10^15 

Uric  acid (HJ3 


Prolein<coinpoa 
8&004 

■fcnned 
88-151 


Not  a  trace  of  urea  could  be  found;  it  had  probably  been  convert- 
ed into  carbonate  of  ammonia.] 

Cysts  may  either  be  filled  with  a  solid  matter,  as  for  instance,  fat 
(in  which  case  they  form  the  fatty  tumours  of  which  we  have  al- 
ready spoken,)  or  they  may  contain  a  fluid. 

CoUard  de  Martigny  analyzed  the  fluid  contents  of  a  cystic  tu- 
mour situated  between  the  rectum  and  the  uterus.  The  fluid  was  of 
the  consistence  of  a  syrup,  of  a  dirty  yellow  colour,  viscid,  and  of  a 
sickly  odour.  When  evaporated  at  a  temperature  of  104°,  it  left  a 
brown  residue  amounting  to  12-8J,  which  softened  in  water  without 
dissolving,  and  on  heating,  gave  ofi*  an  odour  of  burned  horn.  On 
the  addition  of  alcohol  to  the  fluid  a  thick,  elastic,  yellow  mass  was 
precipitated;  which  dissolved  in  water  and  was  again  thrown  down 
on  adding  a  dilute  acid,  but  was  soluble  in  an  excess  of  the  reagent 
The  alkalies,  sulphate  of  iron,  and  nitrate  of  silver  exerted  no  influ- 
ence on  this  solution,  but  a  yellow  precipitate  was  thrown  down  by 
nitrate  of  the  protoxide  of  mercury,  tincture  of  iodine,  tannin,  and 
bichloride  of  platinum.  From  these  imperfect  data  it  is  impossible 
to  form  any  conclusion  regarding  the  true  nature  of  the  fluid. 

I  made  an  analysis  of  a  thick  chocolate-coloured,  alkaline  fluid, 
obtained  by  puncture  in  a  case  of  ovarian  dropsy.  Under  the  mi- 
croscope there  were  a  considerable  number  of  pus-corpusclcs,  and  a 
few  coloured  blood-corpuscles  visible.  It  contained  so  much  albu- 
men that  on  heating  it  coagulated,  forming  thick  brown  flocculi. 
The  colouring  matter  is  doubtless  to  be  attributed  to  the  presence  of 
haemato-globulin:  the  fat  abounded  in  cholesterin. 

It  contained: 


Analjrsis  167. 
.     1030 
-      935-00 

75O0 
MO 

56-77 


Specific  gravity       ... 
Water        -  -  .  - 

Solid  constitnentfl    ... 

Fat  containing  cholesterin 

Albumen  ... 

Alcohol-extract  ^ 

Spirit-extract     >  ....  4*50 

Water-eztimct  j 

Carbonate  of  soda,  phosphate  of  lime,  >  p.Qo 

chloride  of  sodium  and  lactate  of  soda  >  '  * 

Albuminate  of  soda         .....         7^0 
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[Scherer  has  made  several  analyses  of  the  contents  of  ovarian  cysts. 

1.  A  thick,  viscid  fluid  of  this  nature,  obtained  from  a  woman 
aged  40  years,  had  an  alkaline  reaction,  a  specific  gravity  of  1022, 
and  when  allowed  to  stand,  deposited  a  sediment  composed  of  gra-. 
nules,  inflammatory  globules,  and  minute  nucleated  cells. 

In  1000  parts  there  were: 

Water       ....  952^ 

Sdid  constitiients  ...  47*8 

Frotein-compounds  thrown  down  >  «q^ 

by  alcohol        *  *  5 

Eztmctive  matters          -           •  9*1 

Salts       ....  5.3  J  consisting  duefly  (nearly 

^  4*0ij)  of  chlorideofsodioxn. 

On  a  subsequent  occasion  (about  two  months  afterwards)  the  fluid 
contained: 


Water 940-90 

Solid  constituents    ......         &^10 

Albumen  piedpitable  by  boiling,  after  the  addition  of) 
acetic  acid        -  -  -  -  -    ) 

Extractive  matters  ..... 

Inorganic  constituents      ..... 

2,  In  another  instance  a  fluid  was  obtained  containing: 

Water 867-57 


42-62 

12-03 
5*58 


Solid  constituents  - 
Mucin  with  exudation«eI]s 
Albumen  coagulated  by  boiling 
Albuminate  of  soda 
Fat        - 
Alcohol^xtract  • 
Water-extnurt     • 
Fixed  salts 


132-43 
27-65 
65-70 

4-70 
3-52 
2-35 
7-61 


The  mucin  and  exudation-cells  were  precipitated  from  the  fluid  by 
acetic  acid ;  they  were  then  boiled  with  alcohol  in  order  to  remove 
any  adherent  fat,  and  submitted  to  ultimate  analysis. 

They  yielded 

55-4431 


Oaiixxi 
Hydrogen 
Nitrogen 
Oxygen 


7-114 


A  little  more  nitrogen  and 


*  *        18-305  (    l^y^rogen,  and  ramer  less 

•  -       19*138      oxygen  than  protein. 

In  the  following  analyses,  1  and  2  represent  the  composition  of  the 
contents  of  two  other  cysts  in  the  same  ovary,  3  represents  the  fluid 
in  another  case: 


1. 

8. 

3. 

Water 

.       903-11 

839-904 

799«5 

Solid  oonstitoentB 

96-89 

160H)96 

200-15 

Albumen 

40-38  > 
36-50  5 

150-534 

— 

Albuminate  of  soda  • 

172-95 

Fat 

3-40 

_ 

3-13 

Extract!^  matters    - 

6K)7 

1-456 

14-50 

Salts 

8-54 

&006 

1043J 

Valentin  has  analyzed  a  tumour  (meliceris)  containing  a  fluid  of 
the  consistence  of  honey,  of  a  dirty  yellow  colour,  devoid  of  odour, 
and  leaving  on  evaporation,  11*3^  of  solid  residue,  which  consisted 
of^  in  100  parts: 
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Congiilated  albmiieQ            ....  52M9 

OleinandolMteofwda       ....  86-50 

CbolMUsriD 3'IS 

BtHirin 1-96 

UnooigiiUted  albmnen  with  a  litde  potoA    -           •  9*17 

f.itiMi       ......  las 

[The  contents  of  a  strumous  cyst  analyzed  by  Scherer  contained: 

Water         ....       990^ 


Solid  OQOfllitoaitB    - 
Mbumen  with  a  little  blood 
Eitmctive  matten 
Fat  (chiefly  cfao&efterin)    - 
Balti        ... 


79^ 

8*71  #  TmuBOcnwd  "****— 

1-80  5  l(K>t 

7-72  ] 


Fluid  qf  pemphigus.  I  have  examined  the  faintly  yellow  fluid 
occurring  in  the  bullae  of  pemphigus.  It  had  an  acid  reaction,  and 
deposited  a  sediment  of  corpuscles  resembling  mucus-  or  pua* corpus- 
cles in  form,  and  in  which  a  nucleus  was  very  apparent  Its  specific 
gravity  was  1018.  On  evaporation  it  developed  an  acid  odour  simi- 
Gur  to  that  which  is  observed  on  evaporating  the  saliva  in  cases  of 
ptvalism  and  due  to  the  presence  of  a  little  acetic  acid.  When  sub- 
mitted to  a  high  temperature  it  deposited  a  quantity  of  very  white 
albumen :  the  acid  reaction  was  then  more  powerful  than  before,  but 
after  evaporation  to  dryness,  it  disappeared,  for  the  alcohol  with 
which  the  residue  was  extracted  had  scarcely  a  perceptibly  acid  reac- 
tion.    It  wa^composcd  of: 

Analyiit  UB. 

Water 94(H) 

Solid  ooMtituents            .....  6(H) 

Fat  containing  diolesterin        ....  ^ 

AKramen  with  earthy  phosphatea         ...  4SrO 

Extractive  matter  Bofuble  in  alcohol,  with  lactate  of  «>da  >  ^m 

and  chlorides  of  sodium  and  potaanmn  -  -  ) 

A  substanoe  resembling  ptyalin,  soluUe  in  water           -  1*9 
Free  acetic  add  and  mucus-ooipuscles             -           -    impondenUB 

Five  years  afterwards  I  examined  the  fluid  from  the  same  patient 
during  a  fresh  attack.  In  its  physical  characters  it  was  much  as  be- 
fore. 

It  contained  in  1000  parts: 

Analysis  169. 
Water 059-8 


Solid  coDstitaento  -  » 

Albumen  with  mucuaKXvpaflcles 
Fat  ... 

Alcohol^itncC 
Fixed  sBdti      - 


40*2 

88-1 

30 

90 

4*5 


The  fluid  was  strongly  acid  from  the  presence  of  acetic  acid;  no 
indications  of  urea  were  detected. 

[Girardin  has  recently  made  an  analysis  of  the  fluid  in  certain  vesi- 
cles on  the  abdomen. 

In  1000  parts  there  were  contained: 

Water 939-500 

Solid  constituents  ....  60*500 

Albumen         .....         49-QOO 
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Cholesterin 6*475 

Aloohol-extzact  ....  1-075 

Fhosphatea  of  soda  and  limB,  and  chloride  of  sodhim  3*750  ] 

Fluid  of  hygroma.  I  have  examined  the  fluid  of  an  hygroma  situ- 
ated on  the  lower  jaw  of  a  horse.  The  fluid  was  almost  clear  and 
transparent,  but  so  extremely  viscid  that  it  could  be  drawn  out  into 
long  threads.  Its  reaction  was  alkaline.  Under  the  microscope  a 
few  very  large  mucus-corpuscles,  three  or  four  times  the  ordinary 
size,  could  be  observed,  occurring  as  round  granular  vesicles,  in  which, 
in  consequence  of  the  opacity  of  the  investing  membrane,  the  nu- 
cleus could  not  be  detected.  • 

The  fluid  did  not  mix  with  water,  but  a  separation  of  white  floc- 
culi  took  place;  white  gelatinous  flocculi  were  likewise  precipitated 
by  alcohol.  Ebullition  rendered  the  fluid  opaque,  but  did  not  alto- 
gether coagulate  it 

The  gelatinous  mass  precipitated  by  alcohol  was  boiled  in  spirit 
of  *848  and  then  warmed  with  water,  in  which  it  swelled  and  be- 
came viscid  without  dissolving.  On  the  addition  of  acetic  or  hydro- 
chloric acid  to  the  swollen  mass  it  coagulated  immediately  into 
opaque  fibrils.  It  was  perfectly  soluble  in  a  dilute  solution  of  caustic 
potash  with  the  aid  of  heat,  and  again  precipitable  by  acetic  acid, 
without  being  soluble  in  an  excess  of  the  reagent  Hydrochloric 
acid  threw  down  a  substance  which  was  immediately  redissolved, 
and  a  peculiar  odour  of  sulphuretted  hydrogen  was  evolved,  just  as 
when  we  add  hydrochloric  acid  to  an  alkaline  solution  in  which 
horn-shavings  have  been  digested. 

The  hydrochloric-acid  solution  was  scarcely  rendered  at  all  tur- 
bid by  ferrocyanide  of  potassium,  but  was  strongly  precipitated  by 
tannin.  From  these  experiments  it  appeared  that  the  substance  un- 
der examination  was  mucin.  Alcohol  took  up  a  very  small  quantity 
of  chloride  of  sodium  and  lactate  of  soda  from  this  fluid.  The  mu- 
cin left,  on  incineration,  an  ash  of  phosphate  of  lime. 

Dropsical  fluids.  The  fluids  that  collect  in  difierent  parts  of  the 
body,  especially  in  the  cavities  of  the  abdomen  and  thorax,  and  in 
the  subcutaneous  cellular  tissue,  in  a  certain  class  of  disorders  (drop- 
sies,) have  been  frequently  submitted  to  chemical  analysis.  Fluids  of 
this  nature  ,are  usually  of  a  faint  yellow  colour,  and  more  or  less 
turbid;  flocculi  of  coaeulated  fibrin  are  sometimes  priBsent,  and  oc- 
casionally, after  acute  inflammatory  attacks,  they  contain  so  large  an 
amount  of  that  constituent  as  to  assume  a  gelatinous  consistence. 
Their  sp>ecific  gravity  varies  from  idlO  to  1020  or  higher;  their  re- 
action is  alkaline,  and  they  sometimes  contain  so  small  a  quantity  of 
albumen  as  only  to  be  rendered  slightly  turbid  by  heating,  while  in 
other  cases  the  amount  is  so  large  that  the  whole  fluid  becomes  co- 
agulated; the  quantity  of  salts,  especially  of  chloride  of  sodium,  is 
frequently  also  considerable.  If  the  kidneys  are  afiected,  urea  is 
generally  present     The  fat  usually  contains  cholesterin. 

The  following  analyses  of  the  fluid  found  in  the  brain  in  cases  of 
hydrocephalus  approximate  closely  in  their  results: 
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Wtter 

Solid  coDftilneiiti 

AttNimflD      .  -  - 

Fat  .  .  - 

Akohol^tract  witfi  lactate  of  aok 

Water-extmct 

Chlonilet  of  aodium  and  potaaBum 

Earthy  phoiyhatea     - 

Bulpliateof  loda 

Caitonateofaoda 


Bersplioi. 

Mulder. 

1. 

1 

98^30 

OfiHW 

9R&54 

9e»g3 

11-70 

]0K)03 

13-46 

10^ 

1-66 

0-549 

MO 

l-OS 

— 

0-070 

0O6 

0-331 

2'32 

2-538 

2-10 

3«1 

046 

»- 

0-13 

.i_ 

7-09 

&553 

7-87 

bl^R 

0O9 

oHyoo 

0-10^ 

I           0^ 

0-146) 
0O57 

0-iir 

wa 

Solid  oooftitoents 
Albumen 
Urea 

Chloride  of  aodiam 
Caifaonate  of  loda 
Fhoiphate  and  trioea  of  salpbate  of  soda 
A  Tiacid  aidiatanoe       •  •  > 


Marcet  obtained  similar  results  in  his  analyses  of  dropsical  fluids. 
Marchand  found  an  extraordinarily  large  amount  of  urea  in  the 
fluid,  removed  by  tappine,  from  a  woman  with  ascites. 
There  were  contained  m  1000  parts: 

Water 95Q2 

47-6 
23-6 
4-3 
8-1 
2-1 
0^ 
8^ 

[Several  analyses  of  the  fluid  of  ascites  have  been  recently  made, 
some  of  which  we  shall  insert  in  a  condensed  form.  The  two  fol- 
lowing were  made  by  Scherer: 

1.  A  whitish  turbid  fluid  removed  from  the  abdomen  by  paracen- 
tesis, in  a  case  of  dropsy  dependent  on  abscesses  proceeding  to  chro- 
nic suppuration^  yielded  in  1000  parts: 

Water 986-71 

Solid  readne 13-29 

Minute  granulea  and  aolubie  albumen  -           .           •  3^1 

Extract!^  matteri       .....  1*80 

Salta 7-90 

The  fluid  evolved  no  odour,  and  was  neutral. 

2..  The  fluid  obtained  by  tapping  a  patient  with  dropsy  from  'stea- 
toma  hepatis,  carcinoma  ventriculi^  et  perienteritis  chronica/  was  ex- 
amined on  two  occasions: 


Water    - 
Solid  coostitaents 

Fibrin 

Albumen 

Albuminate  of  aoda 

Extractiye  mattciB 

Fat     - 

SalU  - 


1. 

952-99 

47-01 

0-32 

11-68 

22-70 

302 

1-26 

7-22 


8. 
960-49 
39-51 


29-73 
2-12 
1-63 
5-94 


Urea  was  sought  for  in  analysis  1,  but  without  success. 

Heller  analyzed  the  dropsical  effusion  in  the  case  of  ascites  noticed 
in  p.  531. 

The  fluid  had  a  milky  appearance^  was  neutral,  devoid  of  odour, 
and  its  specific  gravity  was  1007. 

>  Of  thii,  0  21  wac  cbolesterin. 
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Nitric  acid  and  heat  scarcely  affected  it,  buf  an  enormous  preci- 
pitate was  thrown  down  by  nitrate  of  silver. 
Iq  1000  parts  there  were  contained: 

Water 96000 

Solid  constituents 60H)0 

Extractive  matters  and  traces  of  attmrnen        -           -  &-97 

Fat 0«4 

Fixed  salts  (almost  exclusively  chloride  of  sodium)     -  44*00 

Not  a  trace  of  urea  or  of  bile- pigment  could  be  detected.  The 
fat  was  perfectly  saponifiable  and  contained  no  cholesterin.  In  ad- 
dition to  the  enormous  amount  of  chloride  of  sodium  in  the  effusion/ 
it  was  abundant  in  the  urine  (see  page  532,}  and  the  sweat  was  so 
saturated  with  it  that  it  crystallized  in  minute  glittering  particles  on 
the  skin. 

In  a  case  of  Bright's  disease,  in  which  the  walls  of  the  abdomen 
were  punctured,  a  fluid  with  an  alkaline  reaction  and  specific  gra- 
vity 1007*5  was  obtained.  It  was  analyzed  by  Heller,  and  found  to 
contain  : 

Water           -.-.-.  980-640 

Solid  constituents       .....  19-360 

Albumen 8*121 

Free&t 0-220 

A  soda^nap           .....  0*392 

Extractive  matters  ....'.  2-546 

Fixed  salts 8O80 

It  yielded  no  indications  of  urea,  bile-pigment,  or  cholesterin. 
Percy  found  in  a  fluid  of  this  nature : 

Water 95^ 


Solid  constituents 

Altmmen    •  -  - 

Indeterminate  organic  matter 
Salts 


480 
380 

3-2 

7-6  J 


I  made  an  analysis  of  the  dropsical  fluid  obtained  by  puncturing  the 
abdomen  of  a  young  man  in  whom  the  subsequent  autopsy  revealed 
suppuration  of  both  kidneys.  Urea  was  present  in  this  fluid,  which 
was  of  a  faintly  yellow  colour,  strongly  alkaline,  and  threw  down 
flocculi  of  albumen  on  boiling. 

It  contained : 


Aaalyris  170. 

Specific  grayity          -           -           -           .      .     . 

.      1010 
9780 

Solid  constituents       .           .           .           .           . 

120 

Fat  containing  diolesterin  .           .           .           . 

10 

Albumen               .           .           .            .           . 

8-4 

Aloohol-extnct       .           .           .           .           . 

0-3 

Spirit-extract          .           -           -            -           . 
Cfarbonate  of  soda  and  phosphate  of  lime     - 

1-7 

1-2 

Chloride  of  fodfami  and  lactate  of  soda 

6-8 

Uiea         p           .           .           -           .           . 

1*2 

Thoracic  effusions.  I  have  analyzed  the  fluid  obtained  from  the 
cavity  of  the  pleura  by  paracentesis  thoracis.  It  was  of  a  yellow 
colour,  devoid  of  odour,  and  consisted  of  two  portions,  viz.,  a  thin 
liquid  portion  and  a  gelatinous  clot  floating  on  it.  The  fluid  had  a 
strongly  alkaline  reaction,  a  specific  gravity  of  1022*4,  and  showed, 
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under  the  microscope^  t  few  primary  cells  of  the  siae  of  pus  or  inu- 
ens-corpuscles.  The  coagulum  was  slight  io  its  coDsisteQee,  and 
when  examined  microscopically  was  found  to  exhibit  the  structore 
of  coagulated  fibrin,  with  a  few  enclosed  primary  cells ;  when  washed 
with  water  the  fibrin  was  left  perfectly  white. 
In  1000  parts  there  were  contained : 

AntL  T71. 

Water         - 934W 

Dofid  cooiQlirati     •           •           •           •           •  63'9B 

Faun 1418 

Fat IHe 

Afeobol-extnct  with  adla              ...  1*35 

Spiril-eztmet  with  aaha     ....  ICHM 

AlminiDateoraoda           .           «           .           .  iT'ttf 

AfcufiMwi  31*00 

Fixed  ntta 9^ 

The  fluid)  both  in  its  physical  and  chemical  characters,  closely  re- 
sembled lymph. 

[The  following  analyses  of  similar  fluids  have  been  made  by  Scbe- 
rer.  In  1  and  2  the  fluid  was  taken  at  an  interval  of  eight  days  from 
the  same  person.  In  3,  it  should  be  observed,  that  the  fluid  was  not 
analyzed  till  a  fortnight  after  the  operation. 

1.  8.  3L 


Water 

g3&52 

99&oe 

9t»€ 

Bobd  OGDatuUBOlB 

64-48 

63M 

7»0 

FMn 

0^ 

0^ 

mm^ 

AHNBimalD  of  wda 

49-77 

6d78 

^^ 

Albumen 

.. 

.. 

6M 

Fat          -           -           . 

»14 

1*35 

»4 

Aloohol-ezlract     • 

i<e4> 

]-62f 

I'ei 

59 

Watereztiact      • 

M 

8alta 

7-93 

7-40 

10« 

I  once  analyzed  the  fluid  obtained  from  incisions  in  the  lower  ex- 
tremities of  a  man  with  Bright's  disease.  It  contained  a  very  ap- 
preciable amount  of  urea,  and  a  considerable  quantity  of  albumen, 
with  much  chloride  of  sodium. 

I  give  the  results  of  this  analysis: 


Chpedfic  giantjT 

Solid  eoDibtcMnti 
Fat  oontaming  cfadMlerin 
Atbmnen 

Afcohol-eitract  wilh  urea 
^irit-extract 
Water«xtract 
Carbonate  of  soda  and  phosphate  of  lime 
Chloride  of  sodium  and  lat^te  of  soda 


Aaalydsim 

1012 

97&0 

240 

0-6 

7-0 

20 

1-9 

90 

10 

8-1 


[Heller  has  recently  published  an  elaborate  essay  on  the  chemistry 
of  the  fluids  in  Bright's  disease,  including  several  analyses  of  the 
subcutaneous  serum.  His  analyses  of  the  blood  and  urine  will  be 
found  in  Appendix  XL 

a.  The  subcutaneous  serum  from  the  body  of  a  man  who  died 
from  Bright's  disease  was  of  a  pale  yellow  colour,  alkaline,  and  hid 
a  specific  gravity  of  1011.     It  contained  only  a  very  small  quantity 
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of  albumen,  but  a  large  amount  of  fixed  salts,  viz.  10*1  in  1000  parts 
of  the  fluid. 

b.  Several  ounces  of  fluid  were  obtained  by  incisions  in  the  leg  of 
a  man  aged  40  years,  with  general  oedema.  The  liquid  was  clear 
and  almost  as  colourless  as  water,  there  being  merely  a  very  faint 
tint  of  yellow.  On  cooling  there  was  formed  at  the  bottom  of  the 
vessel  a  very  light  and  delicate  clot,  which  was  slightly  pink  from 
the  presence  of  a  few  blood-corpuscles;  the  serum  was  then  entirely 
colourless,  had  an  alkaline  reaction  and  specific  gravity  of  1010. 

In  1000  parts  there  were: 

Clot         -.-.-.         1878 
Sernm      ......        961-83 

And  there  were  contained  in  the  fluid : 

Water 986-600 

Solid  constituents      .....  13'200 

Fibrin       ......  0-134 

Extracti^B  matter,  an  impondeiable  quantitj  ok  )  4<S26 

albumen,  and  urea  -  -  -     5 

Fixed  aalts            .....  8-840 

c.  The  serous  fluid  obtained  in  another  case,  by  incisions  in  the 
leg,  was  turbid,  of  a  dirty  yellow  colour,  and  deposited  a  flocculent 
sediment,  consisting  for  the  most  part  of  epithelium-scales,  with  a 
little  pus  and  a  few  crystals  of  ammoniaco-magnesian  phosphate. 
The  reaction  was  strongly  alkaline,  and  the  specinc  gravity  1010. 

There  were  contained  in  1000  parts: 

Water 97&a0 

Solid  oonatitnents 24-80 

ADmmen  ..-•••  &42 

Bxtnictive  matters,  aalt^  free  and  saponified  hi,  and  urea     3*76 
Fixed  salte  .....  l&eS 

We  shall  revert  to  this  subject,  in  relation  to  the  composition  of 
the  blood  and  urine,  in  the  Appendix.] 

I  have  analyzed  the  fluid  obtained  from  a  hydrocele ;  it  was  re- 
markable for  the  large  amount  of  cholesterin  contained  in  it;  it  was 
of  a  yellow  colour,  devoid  of  odour,  alkaline,  and  sparkled  when 
shaken,  in  consequence  of  the  numberless  crystals  of  cholesterin  sus- 
pended in  it  The  amount  of  solid  constituents  was  larger  than  I 
ever  observed  in  any  other  serous  fluid  of  a  similar  nature.  The 
amount  of  salts,  composed  principally  of  chloride  of  sodium,  is  also 
very  remarkable. 

This  fluid  contained: 

Analytii  173. 

Water 860O0 

Solid  oomtitoento 1404)0 

Cholesterin  with  a  littie  maigann  and  ofeic  add     •            •  8^ 

Albumen             ......  48*30 

Albuminate  of  soda  with  eztractire  matter             -           •  8*88 

Extractive  matter  soluble  in  alcohol           ...  2*90 

Chlorides  of  so<fiam  and  oaldmn,  a  little  sulphate,  and  traces  >  72^2 

of  phosphate  of  time     •  -  •  •  •  > 

Phosphate  of  lime  with  traces  of  peroxide  of  iron  -           •  0*70 
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[Heller  has  recently  published  an  essay  on  the  fluid  of  hydroode, 
founded  on  three  analyses: 

1.  Nearly  ten  ounces  of  fluid  were  removed  from  a  man  aged  65 
years,  who  had  laboured  under  hydrocele  for  seven  years. 

The  fluid  was  of  a  dark-brown  colour,  alkaline,  and  of  specific  gra- 

Titv  1021. 

It  contained  a  large  amount  of  bile-pigment,  but  no  cbolesterin, 
and  after  standing  deposited  a  sediment 

In  1000  parts  there  were  contained  : 

Water 91M 

Solid  canidtneote         ....  8M 

AUiumen     .....  5841 

Frae&t       .....  1^ 

A  Kxk-MMip,  bfliphein,  hemato-globiiUn,  6m-  )  |a^ 

•olved  hmnatiii,  and  extractive  matten      > 

rued  nits  ....           -  7*3 

2.  About  three  ounces  were  obtained  from  a  man  aged  30  years. 
The  fluid  was  of  a  clear  yellow  colour,  strongly  alkaline,  and  had  a 
specific  gravitv  of  1020. 

It  contained  in  1000  parts: 

Water      ......        934-00 


Solid  oowtitimti 

Albumen  ... 

Fixed  nlta,  chiefly  diloride  of  sodium 
Fat,  hut  no  choleflterin   - 
Water-extract 


6aK)0 

6M1 

7-68 

0-14 

M7 


A  soda  nap,  bUiarr  ntin  and  pigmeii^  ureo^  uric  )  ^^ 

add,  and  akohol  extract  -  *  5 

3.  One  ounce  was  taken  from  a  man  aged  50  years.     It  was  clear, 
of  a  dark  yellow  colour,  alkaline,  and  had  a  specific  gravity  of  1030. 
It  contained  in  1000  parts: 

Water      ......  906-36 

-     Solid  constituents               ....  93-64 

Albumen           .....  6OO0 

Fat  containing  cholcsterin           ...  0^ 

Extractive  matteri,  biUpbem,  and  a  lodaaoap     *  84-04 

Fixed  aalti,  chiefly  cfakride  of  aodium      •            •  9-37 

A  specimen  examined  by  Percy  contained  in  1000  parts: 

Water 927-4 

Solid  constituento 72€ 

Alhumen               ......  59-2 

Fat  taken  up  by  ether        -           -           •           -           -  a  tnce 

Aloobol^xtract      ......  ]-2 

Water-extract        ------  2^ 

Chloride  of  lodium  with  traces  of  chloride  of  potaanum        -  60 

Soda  and  lime,  with  sulphuric,  phosphoric,  and  caitxxuc  acids  4^  ] 

A  matter  obtained  from  the  scrotum  in  another  case  of  hydrocele 
was  of  a  brown  colour,  hardly  fluid,  but  rather  of  a  pulpy  consistence. 
Under  the  microscope^  it  was  found  to  contain  an  immense  num- 
ber of  crystals  of  cholesterin,  numerous  blood  and  pus-corpuscles, 

'  [According  to  HcQcr,  on  making  a  microscopic  examination  of  the  fluid  of  hjdrocele,  we 
may  expect  to  find:  I ,  blood  corpuscles;  2,  fragments  of  epithelium ;  3,  coagula  <»  albumen  or 
fibnn;  4,  hi;  5,  cholesterin;  (i,  globules  of  infliammatiop;  7,  pus;  and  8,  oocanoaallj  nenna* 

tCKMLJ 
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and  a  yellow  substance  resembling  coaeulated  albumen.  On  healing, 
it  coagulated  like  blood;  it  yielded  a  large  amount  of  cholesterin  to 
etheri  and  of  haemato-globulin  to  hot  spirit 

J  The  following  analyses  by  Scherer,  of  fluid  efiusions  found  in  the 
y  after  death,  are  worthy  of  notice, 

1.  The  fluid  found  in  the  abdominal  cavity  after  death  from  scirrhous 
degeneration  of  the  chy lopoietic  viso^^  contained  :^- 

Waler 969-39 

8did  ecDMitCMnto 3&6L 

AnrameD            .....  is^es 

Albammate  of  loda  and  hmMitin            •           •  7*13 

Aloohol-«xtnict               ....  3i9B 

Water-extract    .....  3>78 

Fat 0-34 

Salts &56 

The  fluid  was  slightly  bloody,  and  on  standing  deposited  a  yellow 
sediment 

2.  In  a  case  of  metro-peritonitis  and  broncho-pneumonia  there  was 
found  in  the  abdomen  a  reddish-yellow  fluid  which  developed  a  little 
sulphuretted  hydrogen,  had  a  well-marked  acid  reaction  from  the 
presence  of  free  lactic  acid,  and  coagulated  perfectly  on  beating. 
The  fluid  separated  from  the  coagulum  by  filtration  had  an  acid 
reaction,  was  of  a  yellow  colour,  and  contained  much  extractive  mat- 
ter in  solution.  On  warming  it  with  carbonate  of  zinc,  filtering,  and 
evaporating,  crystals  of  lactate  of  zinc  were  readily  obtained* 

In  1000  parts  there  were  contained: 

Water  ....       909^ 


nadxm  ....  90-17 

COM  ....  12-96  I  p,M^^  ifHA 

ArbaoMn     ....  3600  J  i'wwm^ww 

A  wibatance  imBmHiBg  pyin  •  6-96  \ 

Fat  and  aloobot-extnet  14-105  I   Tnadbnabd 

Free  lactic  add  •  -  1-05  f  3341 

Ammoiiia  aakiaDd  walBiweztiael 


The  exudation  in  the  pleural  sac  was  of  a  blood-red  colour,  al- 
though no  blood-corpuscles  could  be  detected  by  the  microscope.  It 
was  strongly  acid. 

In  1000  parts  there  were  contained: 

Water  ....      930718 


Solid  readne    • 
Albumen      •  • 

Fat  and  eztracttfie  matter 
Free  lactic  add 
Fixed  aaha   • 


63-a89 
31-746 
S5-503)TiaiMfoned 

1-610  5  87*113 

7110 


3.  In  another  case  of  metro-peritonitis  the  fluid  in  the  abdominal 
cavity  was  of  a  yellowish-gray  colouri  neutral,  and  coagulated  freely 
on  heating. 

In  1000  parts  there  were  contained : 

Water  ....       909'79 

oafid  cKiitituenti         ...         9(HU 

ABNum      .  .  •  .         48*17 
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AkdhoUilmBk         -  -  -  l4rW\  ' 

Fat  ....  1-97 1  Tnndonned 

Water-eztnct  -  -  MO  f         3Wa 

A  lobilviioe  tfuovni  dofifii  1]^  iCBtie  aod       9MJ 
FiMdato    -  -  -  -  900 

4.  Iq  a  similar  case,  the  abdominal  exudation  aeparated  in  a  short 
time  into  a  purulent  deposit,  and  a  reddish-vellow  supernatant  fluid. 
The  microscope  revealed  the  presence  of  cells,  organisms  resembling 
minute  algae»  granules,  and  nuclei.  The  exudation  had  a  faintly  acid 
reaction  and  developed  a  considerable  quantity  of  sulphuretted  hy- 
drogen. 

In  1000  parts  there  were  contained : 

Water              ....  90S^70 

Solid  conrtitiMnti                     -           -  97-aO 

Fu»-  and  ezudatioii-eorMMKlei           •  13*1  )    p.ni^\truL.L.»uLMi«.-i_ 

Albumtt  piKipiteble  b^\9^  18^5    «™«£jgiwm* 

Anmmni  ootfubtod  by  boOiiig         -         83^^  ^'^^^ 

A  fubHuioe  mraim  dofvrn  by  aoalic  acid  )    |a^| 
and  not  aniobia  n  an  sioflai  •     i  j    %g-i,„„„--,i,  n..ii 


Akobal-eitmct         ...         M'OO  >  ^am 

M6'  **^ 


Fat  ....  MO 

Fiiedadto    ....  M3* 

5.  A  similar  fluid  in  a  case  of  ^metritis  septica*  was  strongly  acid, 
and  contained  in  1000  parts: 

Water  -  •       90674 


Sotid  conadtiienta 
Pus-  and  exudation-oella 
Coagulable  albumen 
Fat 
Lactic  add  - 


A  gubalanoe'pnmpitable  by  lioetic  ad^        10^2  l^***°*"Tfej^ 


94-S6 

14-67)  Protein-oompoimdi 

32-46  5  4714 

6-91 

1-50 


7-45 
9-38* 


Akohol-extract 
Water-extract 
Fixed  aalti  • 

6.  The  abdominal  exudation  in  a  case  of  metro-peritonitis  and  en- 
do-metritis  diflered  from  the  preceding  fluids  in  not  depositing  a  pu- 
rulent sediment,  but  after  standing  for  a  considerable  time  remained 
turbid  and  of  a  yellowish-red  colour.  Under  the  microscope  there 
were  seen  free  granules  and  nuclei,  together  with  exudation  globules 
filled  with  granular  contents.     It  was  strongly  alkaline. 

In  1000  parts  there  were  contained: 

Water         -           -           -           •  966*10 

Solid  conatitiientfl    -           -           -  33-90 

Anmminate  of  aoda                     •  18^ 

Fat          ...           .  1-36 

Extractiw  matters  6-IS 

Salts       ....  8-73 

7.  In  a  case  of  'perimetritis,  metritis,  and  endometritis,'  the  mi- 
croscopic characters  of  the  fluid  were  similar  to  those  in  the  pre- 
ceding case.  The  exudation  was  neutral.  When  boiled  it  coagu- 
lated and  deposited  flocculi;  the  filtered  liquid  was  rendered  turbid 
by  acetic  acid,  and  the  turbidity  did  not  disappear  on  the  addition  of 
an  excess  of  the  test.    The  fluid  was,  however,  rendered  clear  by  the 
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addition  of  hydrochloric  acid.    These  reactions  show  that  the  preci- 
pitated substance  was  not  casein,  but  pyin. 
In  1000  parts  there  were  contained: 

Water        ....        941-27 


Solid  oonftitoente 
Albumen 
Pyin       - 
Fat 

Alcohol-extrect 
Water«ztract 
Fixed  nits 


r>8-73 
25-21 
4-37" 
2-32 
12-27 
&11 
7-93 


Unchanged  protein 

Metamorphoaed  Uasue 
27-17 


8.  We  shall  conclude  this  series  of  cases  with  a  notice  of  the  ana* 
lysis  of  the  fluid  found  in  the  peritoneum  of  a  boy  aged  8  years,  who 
died  from  perienteritis.  The  exudation  deposited  a  sediment  similar 
to  those  described  as  forming  in  the  preceding  cases  of  puerperal  fe- 
ver; it  was  neutral  and  coagulated  on  boiling. 

It  contained  in  1000  parts: 


Water    .           -            -            . 

98(H)0 

Solid  constitoenta 

2(H)0 

Albumen 

6-49 

Pyin  -           -           -           . 

2*45 

Extractive  matten 

4-74 

Salto  -           -           -           . 

6-32] 

1 

1 
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Note  1.     Uliimate  compoaiiion  of  protein.     (Mulder.)] 

VegeUble  altNunen.  Fibrin.  Albamen.  AtoiM.  Cmlenlatad. 

Carbon         -           -        64-99  &5*44  55*30           40           5&39 

Hydrogen     •           -          &67  &95  6*94           31             700 

Nkrogen       •           -        1&66  1&05  ]6<ni             5           l&Ol 

Oxygen        -           -        22-48  21-56  21-74            12           21-70 

Liebig's  fonnula  C«,  H,,  N,  0^^  is  founded  on  a  aeries  of  analyses  by  Scbeieri  and  gites 

C  55742,  H  6-827,  N  16143,  O  21-22a 

Notes.   Ultimate  composition  of  tritoxide  of  protein.  (Mulder.) 

1.  3.                  .3.               4.  Atoms.  CalcQlatod. 

Carbon         -            -        51-47  51-69  51-38  51-48        40        51-45 

Hydrogen     -           -         6-60  &64             6-78         6-56        32         6-72 

Nitrogen      •            •        15-37  15-09  15-01           —            5        14-90 

Oxygen       .           -        26-56  26-58  26-82          —          16        26-93 

I,  was  prq^aied  from  chloride  of  protein,  of  which  the  chlorine  had  been  removed  by  ammo- 
nia; 2,  by  boiling  fibrin  in  water;  3,  by  boiling  albumen  m  water;  and  4,  from  an  inflamma- 
toiy  cnisk. 

Note  3.     Ultimate  composition  of  binoxide  of  protein. 

I.                   9.  3.  Atoms.  CalcQiated. 

Carbon             -           -        53-69  53-64  53-44  40  53-36 

Hydrogen         -           -         6-90  6-88  7-04  31  6-75 

Nitrogen          •           •        15-63  15-85  14-51             5  15-45 

OiTgen            .           -        23-71  23-64  2501            14  24-44 

1,  was  obtained  by  boiling  fibrin  in  water;  it  then  remains  behind  insoluble;  2,  is  die  attm- 
mmoae  of  Bouchardat  (Comptes  R«idus,  2t)  Juin,  1842.)  Von  Baumhauer,  in  Scfaeikund. 
Onderzoek.  Deel  1,  p.  568;  3  was  obtained  from  hair  (see  p.  20.)  These  anal^raes  were  made 
in  Mulder's  hboretory. 

Note  4.     Ultimate  composition  of  erythroprotid^  (Mulder.) 

Atoroi.  Calculated. 

Carbon 56-63  13       56-12 

Hydrogen 5-93  8         5-64 

Nttrogen 10-23  1        lOKM) 

Oxygen 27-21  5        2&24 

Note  5.     Ultimate  composition  qfleuein.  (Mulder.) 

].  3.  Atoms.  Calcalated. 

Carbon       ....               55K>4  55«3  12  55-79 

Hydix)gen  ....                 9-30  9-32  12  9-11 

Nttiogen     ....               10-51  10-51  1  10-77 

Oxygen      ....               24-55  24-74  4  24-33 

Note  6.     Ultimate  composition  ofprotid.  (Mulder.) 

Atoms.  Calculated 

Cobon 59-20  13       69<M 

HTdrooen 6«2  9         &67 

mmn 10-56  1        10«2 

Oxygin 5»62  4       2377 
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NoTX  ?•     UUimaie  eompo$UUm  ofoUnanen  of  the  blood.  (Mulder.) 


CtriMD 

nno0Bn 
Oxygen 
FlMMphonii 
Wnlpimr 


54-64 

7-09 

1&63 

81-23 

0^ 

(h68 


400 

310 

50 

190 

1 

SI 


54-70 

MS 

15«4 

21*47 

0« 

079 


In  ft  few  iMlftncM  («e  p^  13, 14, 141, 4ce.)  I  find  tbit  I  hvn  doubled  teeqandeot 

offilioililionii.    Adapting  tha  noCfttioii  ki  p^  95y  Ibe  finmift,  mitoftd  of  bei^ 

would  beooms  ]0Tr+8.Fr«. 

ADjuuMn  of  cggi  diuBn  fran  uMb  ibowi  n  contftnung  cuj  ami  hw  ftiiioittt  ct  tuHpnttm 
MoldBv^ft  wBftijm  gsfB.* 


CMon 54-48 

B^drofen  .....         7-01 

Nitrogen  •  •  .  .  •        1570 

Oxygen  .....       2M0 

PboBlionw 0*48 

So^nr 0^ 

Note  8.  UbimaU  compontion  of  fibrin  from  ox-blood,  (Mulder.) 

C«lcatel«d. 


Atom. 

400 

310 

50 

190 

•      1 

1 


Gileslaied. 

54*90 
<M» 

15«^ 

91-66 
0« 
0-96 


Hjrdrogen 

Nitragen 

Oxygen 

Fboaphorai 

Dolpnar 


54-66 

6-90 

15-79 

99-13 

0-33 

0-36 


400 

310 

50 

190 

1 

1 


54-90 

095 

1&09 

91-55 

0-35 

096 


HcnoB,  fad  Hi  oonjpowtiop,  it  it  identfaJ  wi6i  die  aBmnen  of  eggik 

NoTB  9.     UltimaU  compotUum  ofcmeinfrom  cows*  milk.  (Mulder.) 


Cufcott  ....  54«96 

Hydrogen          ...  7*]5 

Nitrogen  l&eO 

Oxyoen             -                       •  91-73 

Bv^phv             •           -           -  036 

NoTx  10.     UUbnaie'eomposition  ofcrystalUnfrom  the  eye.   (Mulder.) 

Cftibon  ...       55-39 

6-94 


AtOHM. 

400 

810 

50 

120 

1 


Calefttatod. 
55-10 

6-97 
15-95 
91-69 

0-36 


16-51  benoe  it  doeely  reeeordafei  caeein. 
90^1 
0-25 


riydrogBn  * 

Nitrogen  • 
Oxygen 

Si^nnr  • 

Note  11.     UUimaie  composition  ofglobuUn. 

The  ndyai  nferred  to  in  the  text  was  piUiriied  br  Mulder  in  the  <  Bulletin' 6r  1839. 
In  hie  nont  work  on  the  '  Chemiitiy  of  Anunal  and  Vegetabfe  Phyaology/  be  atatai  tfaati 
ahhough  a  protein-compoond,  Hi  real  compoation  is  not  yet  known. 

Note  12.     tJUimate  composition  of  pepsin.  (Vogel.) 

Gaiboo  ....  57-718 

Hydragen  ....  5^66 

Nitiqgen  ....  21-088 

Oxygen  ....  16K)64 

Note  13.     Ultimate  composition  of  chondrin.    (Scherer.) 

Cartllaiecrtlieribtcfacair.     Cornea.     Atomg.       CalcaUted. 

OaiDon  • 

Hydrogen 

Nitrogen 

Oxygen 


49-496 

50895 

49-522 

48 

50^45 

7-133 

6-969 

7-097 

40 

6'904 

14-906 

14-908 

14-399 

6 

144W9 

28-463 

27-235 

96-982 

20 

97^59 
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MuUer  obtained  ftom  coital  cartila0e: 


CaiboD     • 
Hydrogen 
Nitrogea 
OiYReii 


Atomi. 
9^        320 


6^ 
14-44 

0-38 


260 

40 

140 

1 


Caletilatad. 
49^ 
&61 
14*47 

SfCfOO 

0*41 


Note  14.     UUhnale  composUhn  ofglutin.    (Mulder.) 


Glatia  fltHo  bartalMini.  CHuUn  fraa  isinglaH.  Atoms.  Oalcttlatad. 


H^rdrogea 

Nitrogen 

Ozjsen 


1. 
50O6 

18*35 
2&18 


S. 
(MH)5 

6-64 
18-39 
84-92 


50-76 

6-64 

18-31 

24-29 


13 

10 

2 

6 


50-37 

6-33 

]7<96 

25-35 


Note  15.    UllimcUecompoiilUmofglycieoU  or  gelatin  sugar.  (Mulder.) 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 


AtoBW.  Cakalated. 

34-27           8  34-39 

6-51            9  d'33 

19-64           2  19-92 

39-38           7  39-37 


Note  16.     UlUmate  camporitian  of  hamalin.     (Mulder.) 


Caibon 

UYdrogen 

Nitrogen 

Oxygen 

Iron 


1. 
66-49 

5-30 
10-54 
11-01 

&66 


9. 
6&20 

&44 
1(M6 
11-15 

6-75 


3. 

65-73 

5^ 

10-57 

11-97 

6-45 


AtoouL    Calculated. 
44        6564 


22 
3 
6 
1 


5-37 
10^ 
11-75 

&64 


1  and  2  were  prepared  ftom  arterial  and  3  fiom  venous  ox-blood. 


Note  17.     UUimale  am^^iium  of  ehoUc  acid.    (Dumas.) 


Carbon       • '68-5  42 

Hydrogen 9-7  36 

Oxygen 21-8  10 

Note  18.  UUimale  eowipo9iti4m  of  urea. 

Proat.     Liebif  and  Wohler.  AtooM. 

Carbon             •           •           -        19-99               20H)2  2 

Hydrogen         -           •           -         6-65                6-71  4 

Nitrogen          •           -           •       46€5               46-73  2 

Oxygen           -           •           -       26-63              »(A  2 

Note  19.     Ultimate  camporition  of  uric  acid. 

Front.        Wtarberiidi.     LieUf  and  Wdiler.  Atone. 

Caibon                39«75           35-82                  36H)82  5 

Hydrogen    -         2-225             2-38                    2-441  2 

Nitrogen      -        31-125           34-60                  33-361  2 

Oxygen       •       26775           27-20                  28-126  3 

Note  20.     Ultimate  composition  ofhippuric  acid. 

TTw  bydrated  acid  oontaini: 

MitaeberiiclL        LieMg.          Dnmai.  Atooae. 

Caibon              -           •       60-63           60-742           60-5  18 

Hydrogen           •           •         4-98             4-959             4-9  9 

Nitrogen             -           •         7-90             7-816             77  1 

Oxygen              -           -       2649           26-483           26-9  6 


68-8 

9-6 

21-6 


Calcntated. 

20-196 

6-595 

46788 

26425 


Cakplatad. 

36O0 

2-36 

33-37 

28-27 


CalcQiatcd. 

60-9 

4-9 

7-8 

264 
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Note  21.     Ultimale  composUwn  of  uric  oxide. 
(Liebig  and  W5hler.) 

Atoms.  Cklealal«d. 

Ctfbon 3iH28  5  39«6 

Hydrogen 2^  2  2€0 

fibofleo 36-35  2  3&79 

Oi7i^ 81-42  2  20« 

Note  22.     Ultimate  compotUion  of  cystin. 

ProuL  Tbaalow.  Atoms.  Cslcttlatsd. 

Cuban        ....        2S>«75  3001           6  30-31 

Hydrosm    ....         5-125  5-10           6  4-94 

Mkrosm      ....        11-850  11-60            1  11-70 

Ozym»    >  ri3.|co         5  2»-38  4  26-47 

8uf^  5  -  .  .        53-150         Jg^j  jj  gg^ 

Note  23.     Ultimale  composition  of  glyceritu     (Pelouze.) 

Hjdrnif^.  Atoms.  Anbydrons.  Atims. 

C«ibon              ....        39-59  6              43-H4  6 

Hydrogen          -           -           -           -         8-61  8                8-35  7 

Oxygen            ....       51-60  6              47-84  5 

Note  24.     Ultimate  comporition  ofetearic  acid.    (Redtenbachei.) 

Atoms.  Calcolfttel 

Caibon 76-71  68  76-76 

Hydragm 12-86  68  12-90 

Oxygen 10-46  7  10-34 

Ultimate  comporition  of  margaric  acid.    (RedtcDbacher.) 

Atoms.  CmleolatPd. 
Carbon                           ....        75-64           34  7&64 

Hydrogen    ^ 12-86  35  12-71 

Oxygen 11-50  4  11-65 

The  ionner  contains  two,  and  the  latter  one  atom  of  water. 

Note  25.     Ultimate  composition  of  lactic  acid. 

Lactic  add  has  been  anal^ied  fay  several  chemists,  who  have  all  arrived  at  nearly  the  mat 
results. 

Bydmted.     Atoini.        Anhydrous.     Atom>. 

Carbon  ....        40-46  6  44-92  6 

Hydrogen  -           -           -           .         6-61  6  &55  5 

Oxygen  ....       5293  6  48-53  5 

•  

Note. — In  p.  185,  it  was  inadvertently  stated  that  hipparic  acid  is  non-nitrogenous.    Tht 
oltject  of  the  author  is  to  duiw  that,  compared  with  uric  acid,  it  contains  very  little  nitrogen. 


APPENDIX  11. 


ADDITIONS. 


Paoe  220.  Blood  in  thoracic  inflammation.  Zimmermanu^ 
has  communicated  several  observations  respecting  the  blood  in  in- 
flammatory afilections  of  the  respiratory  organs.  The  following  are 
the  results  of  his  analyses^  conducted  according  to  the  method  of  An- 
dral  and  Gavarret: 


Water. 

Fibrin. 

1. 

790-0 

3-0 

8.     1 

784-0 

4-0 

796-0 

60 

a   \ 

810O 

7-0 

805H) 

5-0 

4. 

806K) 

9-6 

c 

774-0 

4-0 

5.     \ 

781-0 

4-0 

/ 

786K) 

4-0 

& 

796-0 

3H) 

7. 

794-0 

3-0 

8. 

792-0 

3-0 

9. 

800K) 

4-0 

10. 

800K) 

4-0 

>•■{ 

798-0 

.7-0 

8150 

8K) 

18. 

806H) 

3-5 

Blood-corpoMlet. 

Res.  ofsenim. 

127-0 

80O 

1260 

860 

1190 

790 

106O 

770 

103-5 

85-5 

1094» 

74-5 

1420 

80O 

1370 

780 

131-5 

78-6 

1280 

730 

123-5 

79-5 

120O 

890 

1196 

7fr5 

108O 

880 

1160 

790 

100-5 

76-5 

100-5 

90O. 

If  we  compare  the  mean  of  these  analyses  with  the  average  de- 
duced by  Andral  and  Gavarret  from  58  analyses  of  the  blood  in 
similar  cases,  we  have: 

Zimmermann       796-2  4-75  118-10  80-65 

.indral  -        7990  7-30  114-10  81-00 

The  leading  diflerence  in  these  averages  occurs  in  the  fibri%  Zim- 
mermann suggests  that  probably  Andral  and  Gavarret  used  only 
buffed  blood. 

Paoe  247.  Blood  in  intermittent  /ever.  In  four  cases  in  which 
the  blood  of  persons  residing  in  malarious  districts,  who  were  suf- 
fering from  intermittent  fever,  was  analyzed  by  Cozzi,  the  fibrin 
occurred  in  its  normal  quantity,  but  the  fat  and  albumen  were  dimi- 
nished. In  three  of  these  cases  there  was  a  great  excess  of  choles- 
terin,  and  scarcely  any  phosphates;  in  the  remaining  case  (No.  3) 
these  salts  were  abundant,  while  no  chQiesterin  was  found. 

The  following  are  the  results  of  Cozzi's  analyses: 

>  Zur  Analysis  und  Synthesis  der  pseudo^lasticfaen  Fitnesse,  pp.  1841-99. 
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1. 

2. 

3L 

4. 

737-67 

705-49 

732-45 

81)9-]  7 

S40 

906 

M9 

1*96 

•15 

•91 

•13 

•16 

48-71 

66-61 

47-59 

53-10 

.       211-27 

235-63 

217^ 

135-61 

680 


Water  and  alts 
Fibrin  - 
Ftt      - 
AlbumeQ 
Blood<xxp«udw 

'  The  blood  in  (1)  was  taken  from  a  soldier  with  severe  intermit- 
tent fever,  accompanied  with  considerable  enlargement  of  the  spleen 
and  liver. 

The  blood  in  (2)  was  taken  from  a  man  with  a  quartan  fever, 
whose  spleen  and  liver  were  much  enlarged^  and  the  latter  the  seat 
of  excruciating  pain. 

The  blood  in  (3)  was  taken  from  an  artilleryman,  who  for  five 
years  had  been  stationed  in  a  malarious  district  It  was  a  case  of  in- 
termittent fever,  with  slight  enlargement  of  the  liver,  but  extraordi- 
nary hypertrophy  of  the  spleen. 

The  blood  in  (4)  was  taken  from  a  man  with  angina  tonsillaris, 
who  had  suffered  from  fever  for  a  long  time:  spleen  enlarged  and 
very  painful 

In  addition  to  the  excess  of  cholesterin  in  the  majority  of  these 
cases,  bile-pigment  was  observed  in  the  blood.  The  connexion  be- 
tween the  occurrence  of  these  constituents  and  the  deranged  state  of 
the  portal  system  is  sufficiently  obvious. 

Paoe  249.  Blood  in  certain  diseases  of  the  eye.  Zimmermann 
has  published  the  following  analyses  of  the  blood  in  a  peculiar  form 
of  endemic  ophthalmia  recently  prevalent  at  Berlin. 

I.  In  a  case  of  ophthalmia  of  tvsro  days'  standing,  accompanied 
with  much  chemosis,  the  specific  gravity  of  the  blood  was  1051. 
The  specific  gravity  of  the  serum  was  1027,  and  the  clot  1086. 

In  1000  parts  there  were: 


Water      - 

Solid  constituents  • 
Fibrin  - 
Blood^onmsdefl 
Solid  resiaue  of  serum 


798-0 

202H) 

20 

117-5 

8S» 


The  serum  was  of  a  bluish-red  colour  and  opaque. 

2.  The  blood  drawn  from  a  patient  on  the  third  day  of  the  oph- 
thalmia had  a  specific  gravity  of  1052.  The  specific  gravity  of  the 
serum  was  1028,  and  of  the  clot,  1090. 

In  1000  parts  there  were: 


WntPT      - 

.       795K) 

Solid  residue 

2050 

Fibrin  ... 

20 

Blood-corpuscles 

Solid  residue  of  serum  - 

115-1 

87-9 

3.  A  patient  on  the  second  day  of  the  disease  yielded  blood  of 
specific  gravity  1055.  The  specific  gravity  of  the  serum  was  1030, 
and  of  the  clot  1092. 

In  1000  parts  there  were  contained: 
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Water        -           -           .           , 

•       790 

Solid  readue 

•       210 

fujnn      •           •           •           1 

S 

BIoodK^ipiiscles  - 

Bofid  reflidtie  of  aenim      - 

115 

93 

4.  Id  similar  cases  the  blood  had  a  specific  gravity  of  1054. 
specific  gravity  of  the  serum  was  1035,  and  of  the  clot  1088. 
In  1000  parts  there  were  contained: — 


The 


Water 

Solid  coofldtneDti 
Fibrin  - 

Blood-corpufldes 
SoUd  resiaue  of  i 


■erum 


794 
206 

3 
105 

9 


5.  A  soldier  with  conjunctivitis  and  sclerotitis  of  the  right  eye. 
The  specific  gravity  of  the  blood  was  1052.  The  specific  gravity  of 
the  serum  was  1030,  and  of  the  clot  1084. 

In  1000  parts  there  were  contained: 

Water           ....  7960 

Solid  ooostitiienti      ...  206KI 

Fibrin       .           .           •           •  9^ 

Bkx)dH»cnci8clea     ...  104*0 

Solid  residue  of  flemm       -           -  966 

6.  In  a  case  of  conjunctivitis  of  both  eyes  without  fever,  the  speci- 
fic gravity  of  the  blood  was  1055.  The  specific  gravity  of  the  serum 
was  1036,  and  of  the  clot  1088. 

In  1000  parts  there  were  contained: 

Water           ....  786<> 

Solid  eondtaenti      -           -           •  214H) 

Fibrin        .           .           .           .  2K> 

BlooA-comaadea    -           •           -  1136 

Solid  rendoe  of  nmm       •           •  966 

7.  In  a  case  of  ophthalmia  of  the  left  eye,  the  specific  gravity  of 
the  blood  was  1055.  The  specific  gravity  of  the  serum  was  1031, 
and  of  the  clot,  1090. 

In  1000  parts  of  blood  there  were  contained: 

Water  ....        790<) 

Solid  oonstitiMiite      -  -  -        2100 

Fibrin        ....  20 

filood-ocnuKles     -  •  .1147 

SoUd  reoaoe  of  Mium        •  -  93-3 

Three  days  having  elapsed,  venesection  was  again  ordered.  The 
specific  gravity  of  the  blood  was  then  1050*8.  The  specific  gravity 
of  the  serum  was  1027*7,  and  of  the  clot  1078. 

In  1000  parts  there  were  contained; 

Water           ....  8020 

Solid  constituents      ...  1960 

Fibrin        ....  20 

Bknd-eorpaides    •           -           •  116^ 

Solid  reflidoe  of  serum        •  89^ 

8.  The  blood  of  a  soldier  on  the  third  day  of  the  disease  had  a 
specific  gravity  of  1052.  The  specific  gravity  of  the  serum  was 
1031,  and  of  the  clot  1080. 
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In  1000  parts  there  were  contained: 

Water           ....  79&0 

Solid  oonHitorate       -           -  304-0 

F9bnn        ....  9^ 

Blood-corDOKfei     •           -  100-7 

8olidrefldiieofKnim        •  9M 

Four  days  afterwards  the  specific  gravity  was  1050*5.     The  speci- 
fic gravity  or  the  serum  was  1028,  and  of  the  clot  1078. 
In  1000  parts  there  were  contained: 

Water  •           -           -           •           •  800 

Solid  conatitueote*       -           •           -  800 

Fibrin           ....  2 

Btood-corpuadn        ...  106 

Solid  reaidue  of  aemm          -           -  90 

After  an  interval  of  ten  days  he  was  again  bled.  The  specific 
gravity  was  1050.  The  specific  gravity  of  the  serum  was  1087,  and 
of  the  clot  1078. 

In  1000  parts  there  were  contained: 


Water 

Solid  oonatttoeDta 
F&nn       *  • 

Blood<orpuadea     - 
Solid  reaidue  of  aemm 


804-0 
190H) 

97-0 
95*5 


A  dance  at  the  leading  characters  of  the  blood  in  these  eight  cases, 
will  show,  that  in  these  patients  it  was  in  a  state  of  hypinosis. 

Page  853.  Blood  in  scrofula.  The  blood  in  this  form  of  dis- 
ease has  been  analyzed  by  Mr.  Nicholson.* 

The  analyses  were  conducted  on  Andral  and  Gavarret's  method: — 


Water. 

Fibrin. 

Blood-corputclet. 

Re«id.  ofteram. 

1. 

816-5 

3-0 

lOIO 

796 

2. 

800*2 

2-8 

980 

790 

.3. 

820-5 

2-4 

980 

79-1 

4. 

821-0 

3K) 

970 

790 

5. 

8230 

26 

966 

780 

& 

839K) 

2-3 

80O 

78-7 

7. 

843-0 

20 

790 

790 

8. 

8390 

20 

790 

80O 

9. 

855-3 

1-2 

636 

80O 

10. 

855-2 

1-8 

640 

790 

n. 

854-3 

1-7 

656 

786 

12. 

8550 

20 

640 

790 

The  blood-corpuscles  were  few,  light  coloured,  and  irregular,  and 
there  was  sometimes  an  appearance  as  if  their  circumference  was 
notched  and  divided. 

Page  265.  Blood  in  Bright^ s  disease.  In  a  case  of  albumi- 
nuria, in  which  the  dropsy  was  only  of  a  fortnight's  standing,  the 
blood  was  analyzed  by  Dr.  Ayres.*  There  was  a  firm  huffy  coat  on 
the  blood,  a  quarter  of  an  inch  in  thickness. 

The  coagulum  itself  was  very  firm,  and  so  bulky  as  almost  to  fill 
the  glass. 

There  were  contained  in  1000  parts: 

'  Northern  Journal  of  Medicine,  Nor.  1845. 
>  Lancet,  Aug.  2, 1845. 


•83 


^ralBf 


Fibrin  ind  tritozide  of  protein 

Faf 

AttmnMi         • 

Hgmato^glnhnlin 

Attxmiinata  of  soda  and  salti 


•       76&092 

234-978 

1H50 

atmoa 

66«75 

138-185 

1^940 

1-510 

No  urea  could  be  detected  in  this  blood,  the  leading  characters  of 
which  were  a  great  increase  of  fibrin  and  a  diminution  of  the  water 
and  fat 

The  following  analyses  have  been  recently  published  by  Heller.* 

Ist  Case. — A  man  of  tolerably  robust  appearance,  aged  38  years* 
The  disease  was  somewhat  advanced,  and  there  was  considerable 
oedema.  The  blood  was  analyzed  on  two  occasions.  On  the  first 
occasion  it  was  taken  by  cupping  from  the  region  of  the  kidney.  It 
was  very  fluid  but  of  the  normal  colour.  The  clot  was  small  and  pre- 
sented no  peculiarity.  The  serum  was  slightly  coloured.  Under  the 
microscope  the  blood-corpuscles  appeared  large  and  swollen.  The  blood 
was  tested  for  urea,  and  found  to  contain  a  considerable  quantity. 

Five  ounces  were  subsequently  removed  by  venesection.  The 
colour  of  the  blood  on  this  occasion  was  rather  dark,  and  the  coagu- 
lation was  perfect  The  clot  was  of  a  bright  red  colour  on  the  sur- 
face, but  otherwise  dark,  and  there  was  no  bufiy  coat  The  serum 
was  very  pale  and  opalescent,  and  its  specific  gravity  was  only  1022. 
It  contained  no  bile-pigment,  and  its  reaction  was  strongly  alkaline. 

In  1000  parts  were  contained: 

Water            -           -           -  805-39 

8ofid  oooBtitiniili        -           •  194-61 

Fibrin         ...  3-52 

Albumen    -           •           •  51*45')  ' 

^^'^^  '  -  ^-'^nSaUdieddueof-anime&lS 


matter    •  •  8>15 

Una  -  .  .  l-a5> 

Homatof^obulin    -  -       122-94 

2d  Case. — A  woman,  aged  about  30  years,  with  the  disease  in  an 
early  stage.  There  was  slight  oedema  of  the  feet  and  face,  accompanied 
with  pain  in  the  region  of  the  kidneys.  Four  ounces  of  blood  taken 
from  the  arm  presented  no  physical  peculiarities.  The  specific 
gravity  of  the  serum  was  only  1018,  or  10°  lighter  than  the  normal 
serum.     The  clot  was  to  the  serum  in  the  ratio  of  544*75  :  455*25. 

In  1000  parts  of  blood  there  were  contained: 

Water 81&04 


183-96 
2^ 

^^\  Solid  rasidaa  ofaerum. 
56-73 


Solid  oooatitcientB       •  •  • 

Fibrin        -  •  •  . 

Albomen  with  a  little  extractive  matter 
Fbedaalla  ... 

Uiea  .  .  .  • 

Homato-^^obulin    •  •  • 

Heller's  general  conclusions   respecting  the  blood  in  Bright'a 
disease  are,  that  the  specific  gravity  and  the  amount  of  solid  consti- 


4803T  , 

6^y 

1-74J 
124-57 


1  AiduT  fur  Phynologiacfae  und  Pafliolosiache  Chemk  nnd  Mikroacopie,  toL  ii  p.  173. 
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tuents  are  diminished,  and  that  the  diminution  is  dependent  ilone  on 
the  increase  of  the  albumen,  which,  for  the  most  part,  is  found  in 
the  urine,  but  to  a  less  degree  also  in  the  dropsical  eflusions.  The 
appearance  of  the  blood  is  normal,  and  in  its  coagulation  it  presents 
no  peculiarity.  The  serum  is  pale,  of  low  specific  gravity  (as  may 
be  shown  by  the  common  urinometer,)  and  contuns  no  bile-pigment 

The  fibrin  and  blood-corpuscles  occur  in  the  ordinary  quantKy. 
The  solid  residue  of  the  serum  is  much  diminished  in  consequence 
of  Uie  great  decrease  of  the  albumen.  Urea  is  abundant  in  the  Uood; 
in  the  first  analysis  it  amounted  to  1-85  in  1000  parts:  reckoning 
the  whole  amount  of  blood  in  the  body  at  thirty  pounds,  this  would 
contain  about  an  ounce  of  urea.  The  presence  ot  urea  in  the  blood 
must  not,  however,  be  regarded  as  peculiar  to  Bright's  disease,  since 
it  has  been  found  in  a  large  quantity  in  cholera,  ischuria,  and  other 
diseases  associated  with  suppression  of  urine. 

The  fixed  salts  present  no  remarkable  deviation  from  the  normal 
standard,  but  are  usually  slightly  below  the  healthy  average. 

Paob  276.  Menstrual  fluid.  Since  Uid  publication  of  the  text, 
an  analysis  of  this  secretion  has  been  made  by  Dr.  Lietheby.^  The 
menses  were  retained  by  an  imperforate  hymen,  which,  when  cut 
into,  permitted  the  escape  of  about  forty  ounces  of  a  thick  and  almost 
black  fluid,  having  the  appearance  of  treacle.  When  examined 
under  the  microscope,  with  a  power  of  300,  it  was  found  to  be  quite 
free  from  fibrin,  but  numerous  corpuscles  were  observed  floating  in 
it.  The  greater  number  of  them  were  altered  blood-corpuscles,  but 
there  were  also  noticed  the  exudation  or  inflammatory  globules  (of 
Gerber  and  Gluge,)  lymph-corpuscles,  mucus-corpuscles,  epithelium- 
scales,  and  minute  granules  resembling  mere  dots. 

The  fluid  had  an  alkaline  reaction,  and  was  perfectly  miscible  with 
water;  when  heated  a  little  below  212^,  it  formed  a  firm  coagulum. 

It  was  analyzed  in  accordance  with  Simon's  directions,  and  was 
found  to  contain: 

Water 857^ 

Sotid  coiurtitiiaitB       ......  ]42€ 

Fat &3 

Albumen    .......  09^ 

Globulin 49-1 

Hsnuttin    ....-..S^9 

Salts 8-0 

Extractive  mattera  -  .         -           .           .           .           .  &7 

Another  analysis  was  formed,  with  the  view  of  estimating  the 
quantity  of  mucus,  blood-corpuscles,  and  soluble  albumen,  and  gave 
the  following  results: 

Water 867^ 

Solid  matters  insoluble  in  cold  water,  and  consisting  of  mucus, )  qcxa 

lymph,  and  exudation  globules  with  epithelium        -             I  ^^ 

Solid  matters  soluble  in  cold  water,  and  consisting  of  sa^ranified  #  go^ 

&tB  and  Mood-corpusdcs     -            ...             J  ^^"^ 

Albumen        .......  SS-T 

Salts 70 

>  Lancet,  Aug.  2, 1845. 
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These  must  be  taken  as  the  constituents  of  the  fluid.  It  can,  how- 
ever, hardly  be  regarded  as  the  normal  menstrual  secretion;  from 
the  length  of  time  in  which  it  remained  in  the  vagina  it  became 
mixed  with  an  excess  of  mucus,  and,  acting  as  an  irritant,  produced 
the  inflammatory  globules  that  were  observed  in  it 

Page  301.  Saliva.  Lassaiene  has  instituted  a  series  of  experi- 
ments in  reference  to  the  animal  diastase  of  Mialhe.  The  results  of 
these  experiments  are  as  follow: 

a.  Human  saliva,  and  that  of  the  horse,  at  the  temperature  of  103^, 
exert  no  solvent  power  on  starch,  which  remains  quite  unaltered  in 
its  physical  and  chemical  properties. 

A.  At  a  higher  temperature  (158°  to  167°)  maintained  for  three 
hours  and  a  half,  horse*s  saliva  acts  on  starch  exactly  as  water  does; 
that  is  to  say,  the  granules  become  tumid  and  distended,  without 
being  changed  into  either  dextrine  or  glucose. 

r.  Human  saliva  obtained  from  the  mouth  has  no  action  on  starch 
at  the  temperature  of  the  body;  but  converts  it  rapidly  into  dextrine 
at  a  temperature  between  158°  and  167°,  and  subsequently  converts 
the  dextrine  into  glucose. 

d.  During  the  digestion  of  raw  amylaceous  substances,  the  saliva, 
being  at  the  temperature  of  the  animal  body,  cannot  exert  the  influ- 
ence attributed  to  it  by  Mialhe;  it  can  merely,  as  most  of  the  older 
and  modern  physiologists  maintain,  contribute  to  moisten  the 
alimentary  bolus,  and  dissolve  such  of  its  principles  as  are  soluble  in 
water. 

Page  303.  Morbid  saliva.  Scherer  has  analyzed  the  saliva  of  a 
girl  aged  15  years,  sufiering  from  a  scorbutic  affection  of  the  mouth. 
There  was  copious  ptyalism,  the  saliva  amounting  to  about  40  ounces 
in  twenty-four  hours.  The  secretion  was  very  liquid,  fetid,  and 
alkaline.     The  specific  gravity  was  1004. 

In  1000  parts  there  were  contained: 

Water 988« 

Solkl  constituents     •           •           -            *           -  11*2 

A  caseous-like  sobstanco  predpitable  by  acetic  add  6^ 

Fat  taken  up  by  ether      -           -           -           -  0^ 

Extractive  matter  and  ptyalin       -           -           -  1*8 

Carbonate  of  soda            -           -           -           -  1*2 

Chloride  of  sodium           .           -           -           -  0^ 

Phosphate  of  lime             -           -           -           •  0^ 

On  examining  with  the  microscope  the  fluid  immediately  after  its 
ilischarge,  there  was  found  ih  it  a  large  number  of  infusoria,  and  a 
peculiar  confervoid-like  vegetation. 

Page  305.  Fluid  ofranula.  Dr.  Gorup-Besanez^  has  published 
an  elaborate  paper  on  this  subject,  in  which,  after  discussing  at  con- 
siderable length  the  question  whether  the  tumour  constituting  ranula 
arises  from  an  obstruction  of  Wharton's  duct,  and  contains  retained 
and  modified  saliva,  or  whether  it  is  a  species  of  ordinary  cystic 

'  Heller's  Archiv  fur  Phy«i.  und  Padiolog.  Chemie  und  Mikrodio{Ne,  voL  il  p.  22. 
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tumour,  he  arrives  at  the  latter  coneluBioo.     In  100  parts  of  fluid  be 
found : 

Wat« 9&e99 

Solid  coMtituePti     .           •           •           •           .  4*971 

Aloohol-eztmis^trwMoffrl^aiiddilaffideornfium  1069 

WttoMBxtmet  (glotm?)  ....  (M)83 

AttramiDalB  ottodti          •           .           •           •  9*966 

The  microscope  detected  in  the  fluid  some  blood-corpuscles  and 
globules  which  were  at  least  twice  as  large  as  the  corpuscles  of 
mucus  or  salivay  and  resembled  Gluse's  inflammatory  globules. 

Hence  the  liquid  differed  entirely^  both  chemically  and  micro- 
scopically,  from  saliva. 

Faob  310.  77ls  bik.  Frerichs^  has  recently  analyzed  bile  both 
in  health  and  disease.  He  gives  the  following  as  the  physical  cha- 
racters of  healthy  human  bile. 

In  colour  it  is  always  deep  brown,  but,  when  seen  in  thin  laversi 
it  has  a  brownish-yellow  tint  It  is  very  fluid,  being  viscid  only  in 
new-born  infants.  The  specific  gravity  varies  from  1032  to  1040. 
On  examining  with  the  microscope  bile  from  the  gall-bladder,  with 
which,  of  course,  a  certain  amount  of  mucus  is  mixed,  there  are 
observed: — 1.  Transparent  or  grayish  round  vesicles,  about  l-700th 
of  a  line  in  diameter.  They  disappear  on  the  addition  of  alcohol  or 
ether,  and  are  removed  by  filtration.  8.  Conical  yellow  bodies, 
about  l-140th  of  a  line  in  length,  and  about  l-300th  or  l-400th  of  a 
line  in  breadth,  apparently  devoid  of  nuclei;  these  are  epithelium- 
cells  from  the  gall-bladder.  3.  Here  and  there  irregular  dark  gra- 
nules, which  disappear  on  the  addition  of  a  solution  of  potash,  appa- 
rently pigment  cells.  4.  Occasionally  minute  crystals  of  cholestenn, 
occurring  as  colourless  rhombic  tablets.  The  chemical  characters 
are  shown  in  the  two  following  analyses.  The  bile  in  these  eases 
was  obtained  from  healthy  men,  kill^  by  severe  accidents. 

Water          ....       8&00  8&99 

Sofid  oonititaentfl      -  14HX)  IMS 

Baateofnda  1(H29  9>14 

CbolesleriD           •           .  .         0-16  096 

Margarin  and  olein           .  *         0*39  0^ 

Mucua      -           -           -  .         966  996 

Chloride  of  aodion            .  .          0^  (HM) 

Tribaaic  phoiphale  of  aoda  0^  0*95 

Ba«cph«phateofIk»e         >  ^^^  ^ 

magneaa  3 

Sulphate  of  lime                -  -         009  0O4 
Peroiide  of  hm 


Paob  312.     Morbid  bile.     Frerichs  has  published  the  two  fol- 
lowing analyses  of  morbid  bile: 

Bile  in  Bla  ia 

_  pneumonia.  chroaia  OMninffitia. 

Water               .           .           .        94<60  9&96 

Solid  oonatituenta          .           .         &40  4<09 

Bilateofaoda             .           .          4-16  9^ 

Fat               ...          0*49  0-90 

Mucua  and  aaha         .           .          1-00  1-9] 


>  HaiiDov.  AnnaL  1  and  9, 1846. 
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Page  315.  For  further  information  on  the  use  of  the  bile  we 
must  refer  the  reader  to  the  recent  work  of  Platner,  "  Ueber  die 
Natur  und  den  Nutzen  der  Galle,"  Heidelberg,  1845.  A  summary 
of  his  views  on  this  subject  is  given  in  Mijller's  Archiv,  No.  4, 1845. 

Page  320.  Gastric  juice.  Dr.  R.  D.  Thompson  has  published 
an  account  of  a  series  of  experiments  made  with  the  view  to  deter- 
mine the  acid  or  acids  occurring  in  the  gastric  juice.  In  order  to 
prevent  complication  of  the  phenomena,  the  animals  were  fed  on 
vegetable  food  alone.  His  experiments  tend  to  show  that  no  free 
hydrochloric  acid  is  present  In  the  stomach  of  animals  living  on 
vegetable  food,  but  that  the  free  acid  is  the  lactic.  A  little  acetic  acid 
was  also  generally  present  A  full  account  of  his  experiments  may 
be  seen  in  the  "  London  Medical  Gazette,'*  October,  1845,  or  in  the 
"  Half-yearly  Abstract  of  the  Medical  Sciences,'  vol.  ii.,  pp.  347-51. 

Page  326.  Vicarious  secretion  of  milk,  A  singular  case  of 
this  nature  is  recorded  in  p.  63.  During  the  last  summer  the 
following  case  has  been  published.  Professor  Cannobio*  received 
five  or  six  ounces  of  a  liquid  that  flowed  from  an  abscess  in  the  thigh 
of  a  woman  who  was  suckling.  In  appearance  it  resembled  whey, 
but  was  somewhat  whiter.  It  was  homogeneous,  and,  after  remain- 
ing in  a  bottle  for  thirty-five  hours,  threw  down  no  sediment  Its 
specific  gravity  was  1010.  It  remained  alkaline  for  seven  days,  and 
then  became  slightly  acid.  On  the  addition  of  a  few  drops  of  acetic 
acid,  it  became  slightly  turbid,  but  there  was  no  sensible  deposit 
until  the  expiration  of  the  second  day. 

On  analyzing  the  fluid  according  to  Haidlen's  directions^  it  was 
found  to  contain  in  1000  parts: 

Water       ----..  982-64 

Solid  constituents  -           •            •            .           .  17*36 

Butter  with  traces  of  cholesterin              -            -  2-77 

Sugar  of  roilk,  soluble  salts,  and  alcohol-extract  7-29 

Casein  and  insoluble  salts           ...  6'!^ 

Fragoients  of  linseed  from  pouttioesi  &c.             -  1*06 

Page  340.  The  reader  would  do  well  to  consult  Dr.  Davy's 
paper  on  "the  colostrum  of  the  cow,*'  in  the  Medico-Chirurg. 
Transactions,  1845. 

Page  345.  Bitches*  milk,  Dumas*  has  recently  published  some 
analyses  of  the  milk  of  bitches,  the  object  of  his  paper  being  to  show 
that,  after  they  have  been  restricted  for  some  time  to  a  purely 
animal  diet,  all  traces  of  sugar  disappear  from  the  milk.  A  bitch 
fed  on  bread,  meat,  bone,  and  fat,  yielded  milk  containing: 


Water 

m                             m 

. 

69-80 

Solid  constitcients     - 

•               .              . 

30-20 

Butter      - 

•                           m                           * 

12-40 

Extractive  matter 

m                             m 

2-50 

Casein     - 

- 

13-00 

Soluble  salts 

> 

0-71 

InsoIut)le  salts 

■                                                           *                                                           « 

0-77 

'  Joamal  de  Pharmacie,  Aout,  1845.  >  Annalcs  des  Sdenoes  Nat.,  Sept  1845. 


The  sugar  io  this  instance  crystallind  on  the  surfaoe  of  the  ez- 
trietive  matter. 

After  feeding,  for  the  space  ofa  fortnight,  on  horseflesh  alone,  flie 
milk  yielded: 

Wtiw 77-14 

ffrflUB  CTimnilUBIIW  OTT^v 

Bottar     .•-•••  7« 

CMBin    •          •          •           •           •          •  1M6 

EitTMStifV  nHtter           -          •          -    -      •  399 

BoldiliHitt       -                                           •  M5 

LmqIiAIb  nki 007 

Not  a  trace  of  sugar  could  be  detected  in  the  latter  specimen.  His 
other  analyses  are  merely  confirmatory  of  the  same  fact 

Dumas  believes  that  the  milk*globules  are  surrounded  by  a  caseoos 
investment;  he  found  that  if  milk  be  shaken  with  pure  ether,  the  two 
liquids  which  are  at  first  mixed,  separate  on  standing,  and  the  milk 
preserves  its  ordinary  appearance,  whilst  the  ether  dissdvee  scarody 
anpr  thins.  If,  however,  acetic  acid  is  added  to  the  milk,  and  the 
mixture  is  boiled,  the  whole  of  the  butter  may  be  removed  by  sob* 
seouent  agitation  with  ether,  and  the  milk  eeases  to  be  opaleoeent 

Paob  385.  Colouring  maiiera  qf  urine,  Heller  has  reeently 
published  some  observations  on  certain  new  colouring  matters  in-the 
urine.  He  believes  that  there  exists  a  yellow  pigment  (uroxanthb) 
which  occurs  in  solution  in  very  small  proportion  in  healthy  orine^ 
but  is  much  increased  in  certain  forms  of  disease.  It  possesses  the 
property  of  being  converted  by  oxidation  (either  spontaneously  or 
artificially)  into  two  other  pigments,  one  of  which  is  of  a  ruby-red 
tint,  (urrhodin,)  while  the  other  is  of  the  colour  of  ultramarine, 
(uroglaucin.) 

These  are  both  insoluble  in  the  urine,  and  being  deposited,  form  a 
purple  or  violet-coloured  sediment 

That  uroxanthin  and  its  products  are  derived  from  urea  seems 
probable  from  the  circumstance  that  uroglaucin  and  urrhodin  occur 
m  diseases  different  in  most  of  their  characters,  but  similar  io  one — 
the  presence  of  an  excess  of  urea  in  the  blood:  thus  they  are  found 
in  Bright's  disease,  in  cholera,  and  in  suppression  of  urine.  Further, 
when  these  products  occur  in  considerable  quantity,  (especially  when 
the  blue  sediment  is  spontaneously  formed,}  there  is  always  much 
carbonate  of  ammonia,  and  very  little  urea  (perhaps  mere  traces)  in 
the  urine,  as  is  often  the  case,  in  Bright's  disease.  Finally,  Heller 
has  observed  the  blue  tint  developed  by  nitrate  of  urea  artificially 
prepared  and  kept  moist,  and  has  likewise  produced  it  by  adding 
nitric  acid  to  an  old  solution  of  urea  partially  converted  into  carbo- 
nate  of  ammonia. 

The  existence  of  a  large  quantity  of  uroxanthin  in  urine  is  indi- 
cated: 

1.  By  the  clear  light-yellow  colour  of  the  urine  when  that  secre- 
tion is  acid,  as  in  cholera,  and  sometimes  in  Bright's  disease. 

2,  By  the  presence  of  the  products  of  its  oxidation,  uroglaucin 
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and  urrhodin,  which  either  of  themselves  form  a  violet-coloured  sedi- 
nieDty  or  communicate  that  tint  to  a  sediment  already  formed. 

On  alloviring  urine  abounding  in  uroxanthin  to  stand  for  some  time, 
it  is  observed  that  after  the  formation  of  the  sediment  has  ceased,  the 
fluid  from  the  surface  downwards  assumes  a  violet  tint,  and  this 
change  of  colour  takes  place  with  a  rapidity  proportional  to  the 
amount  of  carbonate  of  ammonia  produced  by  the  decomposition  of 
urea. 

Hence,  on  keeping  such  urine  in  a  high  cylindrical  glass,  three 
distinct  strata  are  observed;  lowermost,  a  violet  sediment;  in  the 
middle,  yellow  and  nearly  clear  urine;  and  superiorly,  a  violet  or  pur- 
ple turbid  layer. 

On  shaking  the  glass,  the  whole  urine  assumes  a  bluish-green  tint, 
because  the  urrhodin,  formed  principally  at  the  surface,  becomes 
converted,  by  agitation  with  a  full  supply  of  atmospheric  air,  into 
uroglaucin  which,  mixing  with  the  central  yellow  layer  of  urine,  de- 
velops a  green  tint  The  uroglaucin  thus  formed  ultimately  settles 
as  a  olue  powder  on  the  sides  and  at  the  bottom  of  the  vessel.  Hence 
there  is  obviously  no  fixed  proportion  between  the  qualities  of  uro* 
glaucin  and  urrhodin. 

3.  If  much  uroxanthin  is  present,  the  crystals  of  uric  acid  (sepa- 
rated either  spontaneously  or  by  the  addition  of  an  acid)  have  a  beau- 
tiful blue  or  amethyst  tint 

4.  Lastly,  if  much  uroxanthin  is  present,  it  may  be  recognised  by 
the  addition  of  concentrated  nitric  acid,  (ten  drops  to  half  an  ounce 
of  urine,}  which  at  once  communicates  a  brilliant  violet  colour  to  the 
fluid:  if  a  smaller  amount  is  present,  the  change  of  colour  is  deve- 
loped more  slowly. 

The  nitric  acid  oxydizes  the  uroxanthin,  and  converts  it  into  uro- 

{;laucin  and  urrhodin.  Sulphuric  and  hydrochloric  acids  act  simi- 
arly,  but  with  less  activity.  If  albumen  is  present  in  urine  treated 
in  this  manner,  it  is  either  precipitated  blue  at  once,  or  assumes  that 
tint  gradually,  according  to  the  amount  of  uroxanthin.  This  is^ 
constantly  noticed  in  Bright's  disease  on  treating  urine  abounding  in 
uroxanthin  with  an  acid,  and  allowing  it  to  stand  for  a  couple  of 
days ;  uroglaucin  separates  in  dark  blue  crystalline  groups,  visible 
to  the  naked  eye,  partly  on  the  surface  and  partly  at  the  bottom  of 
the  vessel.  On  taking  a  drop  from  the  surface  and  examining  it 
under  the  microscope,  uroglaucin  is  seen  in  the  form  represented  in 
Plate  iii.,  fig.  37. 

To  separate  the  two  products  of  oxidation  of  uroxanthin,  we  col- 
lect on  a  filter  the  sediment  thrown  down  by  nitric  acid,  and  agitate 
it  with  cold  spirit  of  *830,  which  takes  up  the  urrhodin  (as  also 
does  ether;)  the  residue  is  boiled  for  some  time  with  spirit  of  the 
same  strength,  until  the  fluid  becomes  somewhat  concentrated;  we 
thus  get  a  bright  blue  solution  of  uroglaucin. 

To  exhibit  these  substances  in  normal  urine,  the  fluid  must  be  so 
far  evaporated  as  just  to  remain  liquid.     On  adding  concentrated 
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nitric  acid  to  the  cold  residue,  a  crystalline  magma  of  nitrate  of  uret 
is  at  once  formed;  on  adding  to  this  a  few  more  drops  of  nitric  acid 
(and  sometimes  even  this  is  unnecessary)  it  assumes  a  violet  tint 

\  If  the  crystalline  mass  is  allowed  to  stand  for  some  time,  and  is  then 

j  dissolved  in  the  smallest  possible  quantity  of  distilled  water,  after 

<  being  left  at  rest  for  some  time,  it  deposits  a  sediment  in  which  urr- 

hodin  and  uroglaucin  may  be  detected  cither  by  the  microscope  or 
by  extraction  with  cold  and  then  with  boiling  spirit 

The  action  of  nitrate  of  silver  on  uroxanthin  is  very  singular.    On 

•  precipitating  the  chlorine  by  an  excess  of  nitrate  of  silver,  from  urine 

acidulated  with  nitric  acid,  and  then  carefully  neutralizing  the  filtered 
liquid  by  ammonia,  there  is  not  only  a  pale  yellow  precipitate  of 
phosphate  of  silver,  but  the  fluid  assumes  a  brown  tint^and  in  a  short 
time  there  is  likewise  a  brown  sediment 

■  Heller  has  not  yet  succeeded  in  isolating  uroxanthin. 

!  Uroglaucin  associated  with  urrhod in,  occurs  in  urinary  sediments 

in  Bright*s  disease,  and  in  cases  in  which  urine,  abundant  in  uro- 

'  xanthin,  has  become  alkaline  in  the  bladder.     Heller  has  noticed  it 

in  these  sediments  forming  groups  of  delicate  prisms.  (See  Plate  iii., 
figs.   37  and  38  a.)     It  likewise  assumes  this  form  when  urine, 

.   .  abounding  in  uroxanthin,  is  treated  with  nitric,  sulphuric,  or  hydro- 

chloric acid.  In  this  case  it  is  principally  found  on  the  surface  of  the 
fluid. 

When  allowed  to  crystallize  from  its  cold  spirituous  solution,  it 
forms  groups  which  appear  nearly  black,  but  are  blue  and  transpa- 
rent at  the  edges.     (See  Plate  iii.,  fig.  38  o,  A.) 

Urrhodin  appears  tobe  a  less  oxydized  product  of  uroxanthin  than 
uroglaucin,  and  usually  occurs  in  much  larger  quantity.  Il  is  most 
commonly  observed  in  cases  in  which  the  urine  is  alkaline  before 
emission,  in  consequence  of  containing  much  vesical  mucus,  and  its 
development  in  such  cases  is  hastened  by  the  addition  of  nitric  acid. 
The  method  of  isolating  it  has  been  already  described.  Heller  has 
never  succeeded  in  obtaining  it  from  its  spirituous  solution  in  acrys- 

-  talline  form.     It  occurs  in  granules,  which,  under  the  microscope, 

appear  of  a  beautiful  rosd  colour.  It  is  resinous  in  its  nature,  and 
burns  with  a  clear  flame. 

Heller  concludes  his  paper  (of  which  the  above  is  but  a  brief  ab- 
stract) with  a  notice  of  some  experiments  on  uroerythrin,  the  ordi- 
nary pigment  of  inflammatory  urine. 

On  treating  uric-acid  crystals  obtained  from  healthy  urine  with 
cold  alcohol,  the  pigment  formed  a  carmine  solution,  and  the  uric 
acid  remained  comparatively  devoid  of  colour,  being  of  a  yellowish- 
brown  tint  from  the  brown  pigment  of  the  urine.  The  spirituous 
carmine  solution  on  exposure  to  the  air  gradually  became  purple, 
and  had  all  the  properties  of  uroglaucin,  previous  to  which  it  appear- 
ed to  be  identical  with  urrhodin. 

On  treating  the  red  sediment  common  in  inflammatory  afiections 
and  tinged  with  uroerythrin,  with  hot  and  cold  alcohol  and  ether, 
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the  red  pigment  remained  unaffected,  unless  a  little  acid  was  added. 
The  difierence  of  solubility  in  the  above  menstrua  is  therefore  suffi- 
cient to  separate  uroerythrin  from  urrhodin. 

Heller's  theory  of  the  production  of  uroglaucin  and  urrhodin  affords 
a  satisfactory  explanation  of  the  occurrence  of  the  blue  sediments 
noticed  in  pp.  503,  543. 

Page  397.  Quantitative  determination  of  urea.  Two  papers 
on  this  subject  have  appeared  almost  simultaneously  during  the  last 
three  months — one  by  Ragsky,  the  other  by  Heintz. 

With  regard  to  the  quantitative  determination  of  urea,  Ragsky  ^  ob- 
serves there  is  this  great  objection  to  its  separation  either  as  a  ni- 
trate or  oxalate,  that  both  those  salts  are  perceptibly  soluble,  which 
prevents  on  the  one  hand  their  complete  precipitation,  and  on  the 
other  hand  their  perfect  washing,  on  which  latter  account  they  retain 
a  certain  amount  of  extractive  matter.  No  other  compound  of 
urea  being  known,  adapted  for  its  quantitative  determination,  Kagsky 
endeavoured  to  apply  the  products  of  its  decomposition  to  this 
purpose.  After  several  experiments  made  to  this  effect,  with 
chlorine  and  with  nitrous  acid,  he  found  that  concentrated  sulphuric 
acid  answers  the  purpose  best  For  this  purpose,  a  mixture  of  one 
part  of  urea,  with  from  three  to  four  parts  of  concentrated  sulphuric 
acid  is  introduced  into  a  flask,  and  exposed  to  the  heat  of  a  sand- 
bath,  which  must  not  exceed  572^  to  avoid  loss  of  ammonia.  The 
decomposition  of  urea  c6mmences  at  383°  and  the  evolution  of  car- 
bonic-acid gas  is  very  lively  at  392°.  In  this  process  one  equivalent 
of  urea  assumes  the  elements  of  two  equivalents  of  water,  and  trans* 
posing  with  the  latter  is  converted  into  two  equivalents  of  carbonic 
acid  which  escape  as  gas,  and  two  equivalents  of  ammonia  which  re- 
main in  combination  with  the  sulphuric  acid. 

C.  N,  H,  0,+2  HO  4- 2  (SO,,  HO)  —  2  (NH,  O,  80.) + 2  CO.. 

He  determined,  in  this  manner,  accurately- weighed  portions  of 
pure  urea  dried  at  212  degrees,  and  determined  the  ammonia  subse- 
quently in  the  form  of  ammonio-chloride  of  platinum.  The  follow- 
ing numbers  will  show  how  approximately  urea  may  be  determined 
in  this  way. 

1.  0*2612  grammes  of  urea  yielded  1-9323  grammes  of  ammonio- 
chloride  of  platinum  corresponding  to  0-2598  grammes  of  urea.* 

2.  0*3139  grammes  of  urea  yielded  2*3175  grammes  of  ammonio- 
chloride  of  platinum,  corresponding  to  0*3116  grammes  of  urea. 

3.  0*2716  grammes  of  urea  yielded  2*0400  grammes  of  ammonio- 
chloride  of  platinum,  corresponding  to  0*2743  grammes  of  urea. 

To  ascertain  how  far  the  presence  of  extraneous  matters  might  in- 
terfere with  the  accuracy  of  the  results,  sugar  was  mixed  with  the 
urea,  but  the  results  were  unaffected.  The  next  point  was  to  ascer- 
tain whether  the  extractive  matter  would  yield  ammonia  under  thefe 

>  Liebig  and  Wohler*8  Aimalen,  Oct  1845. 

*  The  Engliah  reacferwiDBoetheaccaiwyof  theresnltmoredeailybjredacmgthegra 
to  gprabii.    Fnm  4*022  gnms  used  io  the  ezperimenty  4-OUl  were  leooreied. 
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coBdltioDS.  For  'this  purpose  Rapky  precipitated  180  trammel 
(nearly  4  ounces)  of  (resh  and  healthy  urina  sanguinis^  witS  acetate 
of  lead,  sfter  having  preyiously  separated  the  uric  acid  by  means  <tf 
some  hydrochloric  acid.  The  precipitate  was  mixed  with  water,  de- 
composed by  sulphuretted  hydrogen,  and  the  yellow  fluid  thus  pro- 
duced evaporatea  to  a  syrup,  and  charred  with  sulphuric  acid.  The 
charred  mass  was  subsequently  extracted  with  wster,  the  solution 
eviiporated,  and  finally  treated  with  alcohol  and  bichloride  of  plati- 
num. This  process  gave  no  indication  of  the  presence  of  ammonia. 
Having  thus  ascertained  that  the  extractive  matters,  which  are  nor- 
mally present  in  urine,  exercise  no  adverse  influence  on  the  quanti* 
tative  determination  of  urea  by  means  of  sulphuric  acid  and  bichlo- 
ride of  platinum,  he  next  proceeded  to  determine  by  this  method  the 
amount  of  urea  f»^esent  in  divers  samples  of  urine,  in  order  to  com- 
pare the  results  with  those  obtained  by  the  ordinary  methoda  He 
found  after  several  experiments,  that  7  grammes  (a  little  more  than 
five  drachms)  of  urine  required  about  3*5  grammes  (or  half  the 
weight)  of  concentrated  sulphuric  acid.  If  less  of  the  acid  be  taken 
tiie  charred  mass  will  readily  dry  up,  and  some  loss  of  ammonia  will 
be  incurred  in  consequence.  The  mixture  of- urine  and  sulphuric 
acid  is  kept  in  a  moderate  state  of  ebullition,  there  is  a  great  evapo- 
ration of  water,  and  the  fluid  turns  black.  The  temperature  rises 
higher  and  higher,  until  at  about  392*  there^'ensues  evolution  of  ear- 
bonic  acid  gas  in  small  bubbles.  The  cessation  of  the  disengage- 
ment of  gas  indicates  that  the  urea  present  in  the  analyzed  urine  is 
completely  decomposed.  The  black  residue  is  then  thoroughly  ex- 
tracted with  water  and  the  solution  filtered.  The  clear  and  urine- 
yellow  filtrate  is  finally  evaporated  in  the  water-bath,  and  the  sul- 
phate of  ammonia  treated  with  alcohol  and  bichloride  of  platinum. 

Since  urine  contains  salts  of  potash  and  ammonia,  which  will  of 
course  likewise  precipitate  upon  the  addition  of  bichloride  of  plati- 
num, it  is  necessary  to  determine  the  exact  proportion  in  which 
these  salts  are  present  in  the  urine  under  examination.  For  this 
purpose  a  separate  weighed  portion  of  urine  is  precipitated  with  bi- 
chloride of  platinum,  and  the  amount  of  precipitate  substracted  firom 
the  former. 

Two  samples  of  urine  of  7  grammes  each,  treated  according  to  this 
method,  yielded  0*202  grammes  of  urea,  or  2*88§,  and  0*199  gram- 
mes of  urea  or  2*84§.  Fourteen  grammes  of  the  same  urine  was 
treated  according  to  the  ordinary  plan;  they  yielded  0*617  grammes 
of  nitrate  of  urea,  or  2*15g  of  urea.  The  extractive  matters  of  Uie 
urine  yielded  no  ammonia. 

These  experiments  prove  that  the  method  of  determining  urea  in 
the  form  of  ammonio-bichloride  of  platinum  yields  much  more  ac- 
curate results  than  the  plan  usually  adopted;  it  may,  therefore,  in 
many  cases  be  advantageously  employed,  with  this  precaution,  that 
all  substances  likely  to  interfere  with  the  accuracy  of  the  process  (as 
uric  and  hippuric  acids,  albumen,  &c.)  be  previoudy  removed.    It 
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might  be  advisable  in  certain  cases  to  separate  the  urea  in  the  first 
place  by  means  of  oxalic  acid^  and  then  to  decompose  the  oxalate 
with  sulphuric  acid. 

The  following  table  may  save  trouble  in  calculation. 

1  atom  of  ammonio-cfaloride  of  platiniim  correiponds  to  0-134498  of  urea, 
a    "  "  '*  "  0-268996    " 
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The  author  concludes  his  paper  by  an  acknowledgment  of  the 
kind  assistance  of  Liebig. 

In  principle  the  method  adopted  by  Heintz^  is  so  similar  to  the 
above,  that  it  is  unnecessary  to  enter  into  the  details.  Both  writers 
agree  respecting  the  inaccuracy  of  the  ordinary  method. 

Page  475.  Urine  in  BrighVs  disease.  In  Heller's  memoir 
already  referred  to^  we  find  the  following  analyses  of  the  urine  in 
this  disease. 

a.  In  the  case  noticed  in  p.  683,  of  the  man  aged  38  years,  the 
urinary  secretion  was  much  diminished.  The  urine  was  turbid,  of  a 
dark  yellow  colour,  very  acid,  of  specific  gravity  1017,  and  deposited 
a  slight,  finely  flocculent  sediment  consisting  of  albuminous  fungi, 
pavement  epithelium,  the  peculiar  cylindrical  forms  observed  in 
Bright's  disease,  mucus-corpuscles^  and  a  tolerably  large  number  of 
blood-corpuscles. 

On  the  addition  of  nitric  acid,  albumen  with  a  violet  tint  was  pre- 
cipitated; hence  the  urine  contained  a  large  amount  of  uroxanthin.' 

In  1000  parts  there  were  contained: 

Water 948-0 

SoUdcoiutitiKnto 520 

Urea       .-----  6-1 

Uric  add            .....  no  trace 

Fixed  salts           •           •           -           -           •  3-6 

Extractive  matters  and  uroxantfiin    ,.      •           •  23*9 

Albumen  with  some  hsooato-globulin        •           -  18*4 

The  greater  part  of  the  salts  consisted  of  sulphate  of  potash;  only 
slight  quantities  of  chloride  of  sodium  and  phosphate  of  soda  were 
present,  and  after  the  removal  of  the  albumen  not  a  trace  of  earthy 
phosphates  could  be  detected. 

No  hippuric  acid  could  be  obtained  from  the  urine,  and  as  uric 
acid  was  likewise  absent,  the  acidity  (which  in  this  case  was  very 
marked)  could  not  be  dependent  on  these  acids.  Heller  concludes 
from  various  observations  that  the  acid  reaction  is  dependent  on  the 
presence  of  the  uroxanthin. 

A  week  afterwards  the  urine  was  again  analyzed.  The  secretion 
was  still  diminished,  was  very  turbid,  of  a  pale  reddish  colour,  and 
formed  a  flocculent  reddish  sediment     The   specific   gravity  was 

1  Poggendorff*8  Amialen,  Na  7, 1845.  >  See  page  G8a 
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lOlOy  the  reaction  acid,  and  the  composition  of  the  fluid  nearly  the 
same  as  when  previously  examined. 

At  the  expiration  of  another  week,  and  just  before  the  patient's 
death,  the  secretion  continued  diminished,  and  the  urine  rapidly  be- 
came putrid.  The  specific  gravity  was  1011,  urea  was  present  in 
Tery  small  quantity,  and  the  sediment  contained  much  pus;  in  other 
points  the  urine  remained  the  same  as  before. 

b.  The  patient  was  a  man  aged  40  years,  with  considerable  oedema 
of  the  whole  body. 

The  urinary  secretion  was  much  diminished.  It  was  examined  on 
several  occasions,  principally  in  reference  to  the  salts. 

The  urine  was  of  a  pale  yellow  colour,  acid,  and  of  specific  gravity 
1018.  There  was  a  slight  deposit,  consisting  of  colourless  uric-acid 
crystals,  much  pavement  epithelium,  cylinders,  albuminous  fungi,  and 
a  few  mucus-corpuscles.  The  urine  contained  a  lar^  quantity  of 
albumen,  very  little  urea,  and  only  traces  of  uric  acid.  The  salts 
amounted  to  7*4  in  1000  parts,  and  contained  an  excess  of  sulphates 
with  a  diminution  of  chloride  of  sodium. 

On  the  following  day  the  organic  constituents  were  similar;  the 
sediment,  however,  contained  in  addition  some  granular  cells  (the  in- 
flammatory globules  of  Gluge.) 

The  urine  was  subsequently  analyzed  some  davs  afterwards.    It 

Presented  the  same  appearance  as  before,  and  the  deposit  was  similar. 
*he  reaction  was  acid,  and  the  specific  gravity  1017* 
In  1000  parts  there  were  contained:-— 

Water         ......        9690 

Solid  ooofltituents    •           •           -           •           •         4!^ 
Fixedaalts 9A 

c.  A  middle-aged  woman  with  considerable  oedema. 

The  urine  was  diminished  in  quantity,  was  of  a  dull  yellow  colour, 
turbid,  faintly  acid,  and  of  specific  gravity  1017.  It  deposited  a  sedi- 
ment consisting  of  numerous  epithelium  scales  and  cylinders,  albumi- 
nous fungi,  and  a  few  uric-acid  crystals.  The  urine  contained  a 
large  amount  of  albumen,  which  when  precipitated  by  nitric  acid  had 
a  faintly  violet  tint,  indicating  the  presence  of  uroxanthin.  The  urea, 
uric  acid,  and  salts  were  much  diminished;  the  latter  amounting  to 
no  more  than  3  in  1000  parts  of  urine.  Of  the  various  constituents 
of  the  saline  residue  the  chloride  of  sodium  was  the  most  diminished. 

d.  The  urine  of  a  patient  with  considerable  oedema,  was  analyzed. 
It  was  of  a  faint  yellow  colour,  turbid,  acid,  with  a  specific  gravity 
of  1006,  and  deposited  a  slight  sediment  of  pavement  epithelium, 
cylinders,  mucus-corpuscles,  albuminous  fungi,  and  a  few  crystals  of 
uric  acid. 

In  1000  parts  there  were  contained: 

Water         ....        ges^ 
Solid  conatituenti      •  .  .  14*8 

Organic  matter     ...  ]3<6 

Fixed  salts  -  -  -  1*2  containing  hardly  a  trace  of 

chloride  of  MdiuiiL 
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e.  A  patient  aged  28  years,  who  first  exhibited  symptoms  of 
Bright's  disease  while  in  the  hospital,  in  consequence  of  a  broken 
arm  from  a  fall.     The  spinal  cord  likewise  appeared  somewhat  in- 
jured by  the  accident. 

The  urine  was  much  diminished  in  quantity,  scarcely  amounting 
to  twelve  ounces  in  the  twenty-four  hours;  it  was  of  a  bluish  green 
(or  very  deep  bottle-green)  colour,  turbid,  and  deposited  after  a  short 
time  a  flocculent  light-blue  sediment  After  standing  for  a  longer 
period,  a  dark  blue  sediment  was  gradually  thrown  down,  while  the 
supernatant  fluid  was  yellow. 

The  surface  of  the  urine  was  covered  with  a  stiff*  film  of  uroglaucin, 
which  presented  a  beautiful  copper-like  brilliancy  when  the  light  fell 
on  it.  With  refracted  light  it  appeared  of  a  dark-blue  colour,  and 
arranged  in  stellar  groups.  The  sediment,  when  examined  under  the 
microscope,  was  found  to  consist  of  a  great  quantity  of  albuminous 
fungi  and  minute  crystals  of  ammoniaco-magnesian  phosphate,  toge- 
ther with  groups  of  uroglaucin,  more  or  less  crystallme  in  structure, 
and  of  a  magnificent  blue  colour:  a  peculiar  modification  of  pavement 
epithelium  was  likewise  observed, — oval  or  nearly  circular,  with 
large  nuclei  and  nucleolar  corpuscles,  frequently  arranged  in  groups; 
and  lastly,  cylinders  with  a  little  pus. 

The  reaction  of  the  urine  was  strongly  alkaline,  and  its  specific  gra- 
vity 1013. 

On  the  addition  of  nitric  acid  the  urine  became  of  a  clear  blue 
colour,  and  albumen  with  a  violet  tint  was  precipitated,  which  on 
standing  became  of  a  darker  blue,  while  the  supernatant  fluid  assumed 
a  yellowish  hyacinthine  colour. 

Alcohol  slowly  added,  so  as  to  form  a  layer  on  the  surface,  took 
up  an  azure  colouring  matter.  On  thoroughly  mixing  the  alcohol 
with  the  urine,  albumen  with  a  beautiful  blue  tint  was  precipitated, 
while  the  fluid  remained  of  a  hyacinthine  colour. 

Ammonia  communicated  a  l)rown  colour  to  the  urine. 

On  the  addition  of  a  salt  of  silver  to  the  acidulated  urine  there  was 
no  precipitation  of  chloride  of  silver,  but  when  added  to  neutralized 
urine  a  coffee-coloured  tint  was  developed,  indicative  of  uroxanthin. 

On  the  addition  of  a  salt  of  baryta  there  was  a  slight  violet-coloured 
.  precipitate  of  sulphate  of  baryta. 

On  evaporating  the  urine  there  was  left  a  residue  of  a  dark-blue 
colour,  and  bright  blue  spots  were  observed  on  the  edges  of  the  cap- 
sule. It  was  washed  with  water,  in  order  to  separate  the  urea,  and 
then  extracted  with  cold  spirit  of  0*830,  which  dissolved  tlie  urrhodin, 
and  formed  a  carmine  solution.  On  boiling  the  residue  with  spirit, 
a  solution  of  uroglaucin  was  obtained,  which,  on  cooling,  formed 
beautiful  ultramarine-blue  crystals. 

The  amount  of  urea  was  very  small,  and  there  was  no  uric  acid  or 
chloride  of  sodium;  on  the  other  hand,  there  was  a  large  quantity  of 
carbonate  of  ammonia,  and  a  moderate  amount  of  albumen.  The 
earthy  phosphates,  phosphate  of  soda,  and  sulphate  of  potash  were 
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present  in  ver;  diminished  quantities.  Urof 
were  present  to  a  lai^  amount 

The  urine  passed  on  tlie  following  morning  i 
tbove  two  ounces)  was  submitted  to  analysis, 
green  colour,  turbid,  and  deposited  a  sediment  n 
under  tbe  microscope,  was  found  to  contain  c 
and  indeed  ail  the  constituents  noticed  the  prec 

The  urine  was  strongly  allLaline,  emitting  a 
odour.  The  specific  gravity  was  1013,  and  the 
acid,  alcohol,  &c,  the  name  as  before.  There  t 
amount  of  albumen,  Urogiaucin  and  urrhodJn ' 
in  abundance. 

The  urine  contained  in  1000  parts: 


Flndnlto        .... 
Uioglaticni,  onhodki,  woxanlhin,  wlnctiin  n 
ten,  ind  caiboDate  of  unimiia 

Chloride  of  sodium  was  altogether  absent;  th< 
minished  in  nearly  similar  proportions. 

Death  occurred  the  same  evening,  about  six 
fore  that  event,  nearly  two  ounces  of  urine  wei 
theter.  The  secretion  had  lost  its  previous  cok 
citron-yellow  tint;  it  was  turbid,  and  deposit 
sediment,  composed  of  all  the  previous  ingred 
tion  of  urogiaucin.  It  was  acid,  and  remaioei 
hours,  although  oxpoi>ed  during  part  of  that  ti 
Its  specific  gravity  was  1012. 

From  the  examination  of  the  urine  it  seems  i 
cin  and  urrhodin  are  products  of  oxidation  of 
pigment — uroxanthin.  For  the  '  native '  urine 
and  did  not  contain,  either  in  the  solution  or  in 
of  either  urogiaucin  or  urrhodin.  On  the  additi 
was  a  white  precipitate  of  albumen,  which  grad' 
tint,  and  after  standing  for  some  time  became  o 
On  the  addition  of  this  acid  the  urine  became  fi 
then  of  a  riolet  colour,  and  ultimately  of  a  r 
these  changes  it  deposited  urogiaucin  presentir 
bright  powdered  ultramarine,  but  under  the  mii 
crystalline  form.  On  the  surface  of  this  urine  I 
same  coppery  film  that  was  noticed  on  the  blue 
scope  detected  crystals  of  urogiaucin  in  it.  Co! 
to  the  sediment,  took  up  urrhodin,  assuming  a  I 

Hence  it  seems  to  follow  ihat  the  acid  urine, 
yellow  colour,  contained  uroxanthin,  and  that  t 
the  oxidizing  influence  of  nitric  acid,  yielded  ui 
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din  in  the  same  manner  that  it  had  spontaneously  done  in  the  case 
of  the  bluish-green  specimens.  To  confirm  this  opinion  a  portion 
of  the  yellow  urine  was  exposed  for  a  length  of  time  to  the  action 
of  the  atmosphere.  The  same  products  were  slowly  developed  which 
had  been  rapidly  produced  by  nitric  acid.  The  same  red  metallic 
film  was  produced,  the  same  blue  tint  gradually  developed,  and,  sub- 
sequently, the  same  blue  sediment  yielding  uroglaucin  and  urrhodin, 
while  the  supernatant  fluid  became  pale. 

The  urine  contained  albumen,  an  extremely  small  quantity  of 
urea,  and  not  a  trace  of  either  uric  or  hippunc  acid.  Hence  the 
acid  reaction  could  not  depend  (as  Liebig  supposes)  on  those  acids, 
and  Heller  believes  that  ^^the  acid  reaction  of  this  urine,  and,  indeed, 
of  the  urine  in  Bright's  disease  generally,  (where  uroxanthin  is  al- 
ways present  in  large  quantity,}  and  most  probably  of  the  normal 
secretion,  (at  least  in  part,)  is  dependent  on  uroxanthin,  which  com- 
ports itseli  as  an  acid,  being  precipitated  by  metallic  salts." 

The  body  was  examined  two  days  afler  death.  A  small  quantity 
of  urine,  amounting  to  hardly  a  drachm,  was  found  in  the  bladder. 
It  had  much  the  same  properties  as  the  urine  removed  by  the  ca- 
theter before  death:  it  had  the  same  acid  reaction,  and  the  same  yel- 
low colour.  It  deposited  a  copious  sediment,  consisting  for  the  most 
part  of  pavement  epithelium,  and  the  characteristic  cylinders;  it  like- 
wise contained  mucus-corpuscles  and  oil-slobules.  The  urine  con- 
tained uroxanthin,  but  not  a  trace  of  uroglaucin  or  urrhodin,  which 
were,  however,  subsequently  obtained,  both  by  nitric  acid  and  by 
exposure  to  the  atmosphere. 

f,  A  man  under  the  care  of  Dr.  Seibcrt  The  disease  was  of  con- 
siderable standing,  and  had  assumed  a  chronic  form.  There  was 
much  osdema  of  the  feet,  extending  to  the  body,  and  the  secretion  of 
urine  was  diminished.  The  urine  was  of  a  pale  wine-yellow  colour, 
turbid,  and  threw  down  a  slight  deposit  consisting  of  pavement  epi- 
thelium, cylinder,  mucus-corpuscles,  and  crystals  of  ammoniaco-mag- 
nesian  phosphate. 

It  was  faintly  alkaline  and  rapidly  developed  ammonia;  its  specific 
gravity  was  1014.  Nitric  and  hydrochloric  acids  communicated  a 
reddish  violet  tint  to  it  After  a  time  albumen  with  a  violet  tint 
was  precipitated;  hence  the  urine  contained  uroxanthin. 

In  1000  parts  there  were  contained: 


Wtter 

Solid  ooiurtitQeDtf 
Urea 
Uric  add 
Attnimen 

Extnictife  matten^  uroxanthin,  and  caibooate  of  ammnnia 
Filed  Mlta 


96<H25 

dO-75 

S^ 

17-70 

a-Go 


The  fixed  salts  consisted  for  the  most  part  of  phosphate  of  soda; 
they  contained  mere  traces  of  chloride  of  sodium,  and  a  very  small 
amount  of  earthy  phosphates  and  sulphates. 
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g.  A  woman  aged  30  years,  an  analysia  of  whose  blood  is  giTen 

ID  ^  683. 

The  urine,  on  the  day  on  which  venesection  was  performed,  was 
tolerably  copious,  but  had  been  scanty  for  some  days  previously.  It 
was  of  a  faint  clay-yellow  colour,  and  threw  down  a  floceulent 
precipitate  consisting  of  pavement  epithelium,  very  long  cylinders, 
mucus-  and  pus-corpuscles  for  the  most  part  containing  two  distinct 
nuclei,  albuminous  lungi,  a  few  fat-globules  and  blood-corpuscles,  and 
a  very  few  minute  crvstals  of  uric  acid.  The  reaction  of  the  urine 
was  strongly  acid,  and  its  specific  gravity  1017.  After  the  removal 
of  the  albumen  the  specific  gravity  fell  to  1013;  there  was  consequent- 
ly a  considerable  quantity  of  albumen  present,  and  with  it  a 
proportionate  amount  of  urozanthin. 

The  urea  was  much  diminished. 

The  uric  acid  was  increased,  which  is  always  the  case  in  the  early 
sta^s,  and  as  long  as  the  disease  retains  the  acute  form. 

The  phosphate  of  soda  and  sulphates  were  apparently  unaffected; 
there  were  mere  traces  of  earthy  phosphates,  and  chloride  of  sodium 
was  almost  entirely  absent 

The  urine  likewise  contained  hematin  in  solution,  which  communi- 
cated a  brown  tint  to  the  fluid,and  especially  to  the  albumen  on  drying 

On  the  following  day  the  urine  and  its  sediment  presented  similar 
characters.  The  specific  gravity  waa  1012,  and  after  the  removml  of 
the  albumen  1010. 

In  1000  parts  there  were  contained : 

Water      --...-  97374 

Solid  constitiientfl             ....  9&26 

Urea    -           -           -           •     *      -           •  648 

Uric  add          .....  0-70 

Albumen          .....  e03 

Filed  nltfl &06 

Eitnctive  and  cdoiiring  matter             -           •  &00 

.  h.  A  man  aged  20  years,  who  had  been  for  a  long  time  under  the 
care  of  Dr.  Bittner.  The  disease  had  assumed  the  chronic  form,  and 
there  was  great  general  oedema. 

The  urine  was  turbid,  of  a  very  pale  yellow  colour,  and  deposited 
a  trifling  sediment  composed  for  the  most  part  of  albuminous  fungi, 
cylinders,  and  pavement  epithelium  with  a  few  mucus-corpusclea. 

The  urine  was  faintly  acid,  but  in  the  course  of  thirty-six  hours 
became  alkaline.  The  specific  gravity  was  1009.  It  did  not  contain 
much  albumen,  and  only  a  very  little  uroxanthin.  In  1000  parts 
there  were  contained : 


Water       .... 

97M 

Solid  oomtdtuenta   ... 

SIl'G 

Urea      . 

M 

Uric  and 

tmoes 

Albamcn            ... 

4^ 

Extractive  and  colouring  matten 

M 

Fixed  salts         ... 

&0 

On  a  further  examination  of  the  salts  it  was  found  that  the  chloride 
of  sodium  was  extremely  diminished. 
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The  urine  was  examined  on  two  separate  occasions,  some  days 
later,  in  relation  to  the  solid  constituents  generally  and  to  the  albu« 
men.     There  were  found: 

1.  9. 

Water       -           -           -           -        97ty6  978^ 

Solid  cofifldtneiits   -           -           -         21-4  21*7 

Albunen            -           •           •           4*5  4*5 

Hence  in  these  respects  it  had  remained  constant 
Some  weeks  later,  and  very  shortly  before  the  patient's  death,  the 
urine  was  again  examined.  It  was  red  from  the  presence  of  blood, 
had  a  putrid  odour,  and  deposited  a  sediment,  which,  in  addition  to 
the  ordinary  constituents,  contained  numerous  blood-  and  mucus- 
corpuscles,  undoubted  pus-globules,  and  a  little  uric  acid.  The  reac- 
tion was  acid,  and  the  specific  gravity  1010.  A  considerable  amount 
of  uroxanthin  was  present. 

In  1000  parts  there  were  contained : 

Water 976^ 

Solid  constitoflnte  •           •           .           .           •  23-77 

Urea     -           -           .      -     -           •           •  l»76 

Uric  add           .....  0*84 

Albumen  with  a  Httle  hsmato-g^obulin    -           •  8*75 

Extracthne  and  oolouinig  matten            -           •  8*54 

Fixed  aalta 4^8 

The  chloride  of  sodium  was  much  diminished. 

Hence  we  see  that  blood  occurs  in  the  urine,  not  only  in  the  early 
stages  but  likewise  towards  the  close  of  the  disease.  In  the  former 
case  it  arises  from  congestion,  in  the  latter  it  is  a  consequence  of  in- 
cipient dissolution. 

t.  A  woman  aged  40  years,  with  much  oedema,  under  the  care  of 
Dr.  Sterz. 

The  urine,  in  this  case,  was  very  remarkable  for  its  extremely 
high  specific  gravity,  dependent  on  an  enormous  amount  of  albumen. 
The  secretion  was  very  much  diminished.  The  urine  was  of  a  clay- 
yellow  colour,  turbid,  and  formed  a  tolerably  abundant  sediment, 
containing  numerous  cylinders  and  mucus-corpuscles,  together  with 
urate  of  ammonia.  There  were  also  a  few  granular  cells  (G luge's 
inflammatory  globules)  and  numerous  albuminous  fungi. 

The  reaction  of  the  urine  was  acid.  Nitric  acid  caused  a  dense 
coagulation  of  albumen,  which  rapidly  assumed  a  violet  tint;  hence  a 
tolerably  large  amount  of  uroxanthin  was  likewise  present.  The 
specific  gravity  was  1047. 

In  1000  parts  there  were  contained: 

Water       ......  860 

SoUd  conitituents  .....  140 

Albumen  .....  57 

The  urine  retained  these  characters  for  a  considerable  time,  always 
holding  haematin  in  solution.  It  subsequently  became  less  dense,  as 
the  disease  assumed  a  chronic  character. 

k.  A  girl  aged  ten  years:  oedema  general  and  well-marked.  The 
urine  was  very  pale,  and  of  a  dirty  clay-yellow  colour;  a  little  fluid  fat 
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separated  on  the  surface.  There  was  a  very  slight  deposit  of  epithe- 
lium and  albuminous  fungi.  Reaction  faintly  acid ;  specific  grarity 
1005.  A  small  quantity  of  albumen  was  present,  which,  on  being 
precipitated  by  nitric  acid,  rapidly  assumed  a  violet  tint ;  on  the  ad- 
dition of  hydrochloric  acid  the  urine  was  rendered  turbid,  and  like- 
wise became  of  a  violet  colour:  a  relatively  increased  quantity  of 
uric  acid  was  thus  separated,  and  the  crystals  were  of  a  beautiful 
deep  blue  tint  Hence,  notwithstanding  the  low  specific  gravity, 
the  urine  contained  a  large  amount  of  uroxanthio.  Of  urea  there 
were  only  traces,  and  the  salts  were  diminished  to  an  extreme  degree; 
the  phosphate  of  soda — the  principal  ingredient — being  far  below 
the  average,  the  sulphates  and  chloride  of  sodium  very  trifling,  while 
there  was  a  mere  trace  of  earthy  phosphates.  The  subsequent  dis- 
section confirmed  the  accuracy  of  the  diagnosis. 

/.  An  aged  man,  under  the  care  of  Dr.  Folwacsny.  The  urine 
was  extremely  turbid,  of  a  dark  clay  colour,  and  formed  a  sediment 
without  itself  becoming  clear.  The  sediment  was  composed  of  albu- 
minous fungi,  numerous  cylinders,  pavement  epithelium,  and  urate 
of  ammonia.  It  was  upon  the  presence  of  the  last  ingredient  that  the 
turbidity  was  dependent,  for  on  the  application  of  a  gentle  warmth 
the  fluid  became  clear.  The  reaction  was  strongly  acid,  and  the  spe- 
cific gravity  1029.  Afler  the  removal  of  the  albumen  the  specific 
gravity  was  only  1017.  Hence  a  large  quantity  of  that  constituent 
was  present  On  the  addition  of  nitric  acid,  albumen  with  a  deep 
violet  tint  was  precipitated;  consequently  there  was  much  uroxanthin 
in  the  urine.  The  urea  was  far  below  the  averaee:  the  uric  acid  and 
urate  of  ammonia  were  abundant  The  salts  collectively  were  much 
diminished,  but  most  especially  the  chloride  of  sodium. 

The  subsequent  dissection  proved  the  accuracy  of  the  diagnosis. 

From  these  and  five  additional  cases  Heller  draws  the  following 
conclusions. 

He  divides  the  disease  into  three  stages,  in  all  of  which  the  urine 
presents  separate  and  distinctive  characters. 

The  first  is  the  congestive  staee,  during  which  the  urine  is  red 
from  dissolved  blood  or  hacmatin,  but  at  the  same  time  is  acid  unless 
neutralized  by  the  presence  of  very  much  blood. 

In  the  second — the  chronic  stage — the  urine  is  pale  and  of  a  clay- 
yellow  colour,  and  frequently  resembling  whey.  In  the  stage  of  dis- 
solution which  (frequently  but  not  invariably)  shortly  precedes  death, 
the  urine  is  ammoniacal,  develops  a  putrid  odour,  and  is  again  bloody. 
At  this  stage  the  dropsical  efilisions  give  ofi'an  odour  resembling  that 
of  rotten  eggs. 

In  all  three  stages  the  urine  is  (with  occasional  exceptions)  dimi- 
nished. The  largest  amount  is  passed  during  the  chronic  stage,  when 
the  oedema  frequently  diminishes  for  a  short  time.  During  the  first 
and  last  stages,  the  daily  amount  of  urine  seldom  exceeds  a  few 
ounces,  and  blood  is  often  present 

The  following  are  the  physical  characters  of  the  urine.     In  the 
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first  stage  it  is  red  and  turbid,  forming  either  a  red  or  white  sediment, 
according  as  blood-corpuscles  are  or  are  not  present  The  urine  is 
acid,  neutral,  or  slightly  alkaline,  and  has  a  low  specific  gravity. 

In  the  second  stage  the  urine  is  of  a  day-yellow  colour  and  turbid, 
forming  a  brown  sediment;  subsequently  the  fluid  becomes  of  a  paler 
colour,  of  very  low  specific  gravity,  and  deposits  a  white  flocculent 
sediment;  and  at  this  period  it  exhibits  a  greater  tendency  to  putre- 
faction than  before. 

In  the  third  stage  the  urine  is  of  a  dark  red  colour,  and  contains 
more  or  less  blood ;  it  also  deposits  a  red  or  reddish-brown  sediment 
containing  numerous  blood-corpuscles.  It  is  either  ammoniacal  on 
emission,  or  rapidly  becomes  so,  and  its  specific  gravity  is  higher 
than  in  the  other  stages. 

The  occurrence  of  blood  in  the  first  and  third  stages  is  dependent 
on  totally  difierent  causes. 

In  the  congestive  stage  the  constituents  of  the  blood  enter  the 
urine  by  the  law  of  endosmosis,  and  it  is  not  so  much  actual  blood  as 
serum  reddened  by  hsematin  in  solution  that  passes  over;  in  the  last 
stages,  however,  the  capillaries  are  actually  corroded  by  the  morbid 
process,  and  then  the  blood-corpuscles  likewise  find  their  way  freely 
into  the  urine.  Hence  in  the  latter  stage  the  sediment  is  always  of 
a  reddish-brown  tint,  while  in  the  former  it  is  often  white. 

The  microscopic  appearances  are  divided  by  Heller  into — I,  those 
of  constant  occurrence,  and  2,  those  occasionally  present. 

The  constant  constituents  are: 

1.  Pavement-epithelium,  which  is  always  present,  and  frequently 
in  the  congestive  stage  forms  a  copious  white  sediment 

2.  Epithelium  from  the  tubes  of  Bellini,  which  usually  forms  only 
a  slight  portion  of  the  sediment  in  the  early  stages,  although  some- 
times present  in  large  quantity  from  the  commencement  of  the 
disease. 

3.  Albuminous  fungi  occurring  as  a  clear  dotted  granular  matter 
in  all  fluids  containing  albumen.  When  they  are  very  abundant  tlie 
urine  develops  a  mouldy  odour. 

4.  Mucus-corpuscles. 

5.  Granular  cells  (globules  of  inflammation)  are  always  to  be  found 
during  the  congestive  stage. 

6.  Fat-globules,  especially  in  the  chronic  form  of  the  disease. 
The  occasional  constituents  are: 

1.  Crystals  of  uric  acid,  even  when  there  is  a  deficiency  of  that 
constituent  in  the  urine. 

2.  Urate  of  ammonia,  generally  in  the  early  stages. 

3.  Pus-corpuscles,  usually  in  the  latter  stages. 

4.  Blue  crystals  of  uroglaucin,  usually  after  the  urine  has  stood  for 
some  time. 

5.  Ammoniaco-magnesian  phosphate,  when  the  urine  contains  car- 
bonate of  ammonia. 
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EXPLANATION  OF  PLATE  II. 

Fig.  13.  Saliva. 

13*  Jl.  Colostrum.     B.  Healthy  milk. 

14.  Epithelium. 

15.  Nasal  mucus. 

16.  Bronchial  mucus,  with  the  corpuscles  seen  in  other  forms 

of  mucus. 

17.  Pus  from  the  lungs. 

18.  Tubercle. 

19.  Peculiar  forms  occurring  in  tubercle. 

20.  Pure  urea  from  urine. 

21.  Nitrate  of  urea  from  urine. 

22.  Oxalate  of  urea  from  urine. 

23.  Various  forms  of  uric-acid  crystals. 
23*  Various  forms  of  hippuric  acid. 

24.  A.  and  B,  Chloride  of  sodium  as  it  crystallizes  from  urine. 


EXPLANATION  OF  PLATE  III. 

Fig.  25.  Phosphate  of  ammonia  and  soda  from  evaporated  urine. 

26.  Phosphate  of  lime  from  a  urinary  sediment     [The  foliace- 

ous  bodies  are  most  probably  urates.] 

27.  Ammoniaco-magnesian  phosphate  from  an  urinary  sediment. 

28.  Various  forms  of  urate  of  ammonia  from  urinary  sediments. 

29.  Various  forms  of  urate  of  soda  from  urinary  sediments. 

30.  wf.  and  B.  Various  forms  in  which  an  acid  solution  of  the 

earthy  phosphates  is  precipitated  by  ammonia. 
30*  Carbonate  of  lime. 

31.  The  sediment  occurring  in  Bright's  disease. 

32.  Cystin. 

33.  Seminal  animalcules  and  granules. 

34.  Cholesterin. 

35.  The  torula  (the  fermentation-globules)  in  diabetic  urine. 

36.  Oxalate  of  lime  in  various  forms. 
37  and  38.     Uroglaucin. 
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Aoetie  add,  79;  in  flaid  ejected  from  the  sto- 
madi,  687;  in  urine  during  riieumatiam, 
503;  its  eflects  on  the  blood-carpuaclefl^ 
98;  its  presence  in  putrid  urine,  iti9. 
Acid,  acetic,  79. 

allantoic,  56. 

aDoxanic,  59. 

amniotic,  570. 

benzoic,  its  eflects  in  gout,  505. 

iHlic,  309. 

bilicbolinic,  49. 

biliMinic,  49. 

butpic,  71 ;  in  kjstein,  546,  547;  in  the 
feces,  579. 

capric,  71,  74. 

caproic,  71,  74. 

capryllic,  71 ,  74. 

caibonic,  in  urine,  385. 

eerdxic,  68,  75. 

chkroproteic,  19. 

cfaoleic  309;  Pettinkofer's  test  for,  440; 

diolic,5a 
uUiznate  composition  of,  677. 

diolinic,  49. 

chokidic,  309. 

mnoxalic,  56. 

mahiric59. 

Minic49. 

bippuric60;  a  constituent  of  healthy  urine, 
383;  in  diabetic  urine,  517;  in  excess  in 
urine,  540 ;  to  detect  in  an  animal  fluid, 
87 ;  its  ultimate  composition,  677. 

fanmic,  in  urine  of  beibivora,  561. 

bydrodiloric,  14 ;  in  urine,  393. 

faydrocfaloro-proleic,  19. 

hydrocjranic,  its  eflects  on  the  blood,  97. 

hydronuoric,  14. 

nctk,  78;  £nderlin*8  observations  on  its 
non-existence  in  the  animal  fluids,  85, 
notCf  in  fluid  in  the  abdomen,  671 ;  in 
urine,  385;  to  detect  in  an  annual  fluid, 
87 ;  ultimate  composition  of,  508. 

lilfaofeUinic  652. 

naigaric,  6i9 ;  ultimate  oompositkin  of,  678. 

mesoxalic,  59. 

nmcic^  64,  fio/e. 

mycomelinic,  59. 

oieicm 

oleopbosphoiic,  75. 

asafic,7H;inaa]ini;302. 

oxahiriCj57. 

pciabanic^  57. 

phMphoric  in  urine,  393 ;  determination  of, 
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Add,  purpuric,  59. 
rosadc,  47. 
salydlous,  553. 
salydlic,  553. 
sebadc,  70. 
silicic,  in  urine,  393. 
stearic,  68 ;  ultimate  composition  oi,  678. 
sulpho-bi*proteic,  18. 
sulpho-proteic,  18. 
Bulptiunc,  in  urine,  393 ;  determinatian  of, 

399. 
thionuric,  59. 
uramilic,  59. 

uric,  54 ;  Bensch's  formula  for,  381,  noU; 
its  origin,  141 ;  qualitative  determination 
of,  382;  quantitative  detennination  of, 
397;  to  detect  in  an  animal  fluid,  87; 
concretions  of,  620;  ultimate  composition 
of,  507. 
urobenzoic,  60. 
urous,  61. 
vaodnic,  71 ,  75. 
xanflioproteic,  19. 
Acidity  of  the  urine,  causes  of,  410. 
Adds,  fittt^,  68. 
inorganic,  their  passage  into  the  urine,  550. 
organic,  their  pasrage  into  the  urine,  551. 
Active  metamorpnosb  of  the  blood,  131. 
Age,  diflferenoe  of  blood  according  to,  196. 
Au*,  amount  of,  iaqnred,  109;  atmospheric, 
its  composition,  109;  in  swinmimg-falad- 
der  of  fishes,  120;  ite  amount  in  water, 
120. 
Albumen,  24 ;  its  estimation  in  urine,  434,' its 
estimation  in  blood,  139;  vegetable,  16; 
ultimate  composition  of,  676. 
Albummate  of  soda,  to  detect  in  an  animal 

fluid,  86. 
Albummose,  675. 
Albuminous  urine,  cases  in  whidi  it  occurs^ 

476;  how  to  analyae,  434. 
Alcohol^tract,  37;  of  blood,  49;  of  milk,  42; 
ofurine,  41;  to  detect  in  an  animal  fluid, 
88. 
Ak»hol,  ite  eflecte  on  the  blood^orpuscles, 
98;  ite  occasional  passage  into  the  urine, 
552. 
Alkaline  reaction  of  the  blood  due  to  the 
preseixs  of  tribasic  phosphate  of  soda, 
153,  note;  of  the  lympn,  chytoy  and  blood, 
cause  of)  405. 
Alkaline  urine,  450  twie. 

sulphates,  15. 
Allantoic  aad,  56. 
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ADtfitoin,  56,  570;  to  delect  m  an  animil 
fluid,  87. 

Almali»  fluid  of  the,  570. 

Allbh  end  Pbpts's  experimoits  on  mfam- 
tiao,109. 

ADoxMi,  57. 

ABosanic  Kid,  59. 

AflDzantb,  59. 

AluraiiM.  15;  in  a  gdl-Mcoe,  651. 

Amniotic  acid,  570. 

Ammcniacal  Mlti,  16. 

Anmonia  in  urine,  304;  iCa  efibct  on  tfie 
bk»d-oorpuaclee,  96;  urate  oi,  55. 

Amny**'**''^-'"*g~*^"  phoaphale,  14;  ita  oo 
cunenoe  in  deoompoaed  urine,  396 ;  teat 
far,  in  conaetion%  6SI. 

AmoBba  rotaUNrk  b  blood  offiJiea,  285. 

Amohibia,  bkxxk»rpuacie«  c£,  94. 

Aroygdalitia,  blood  in,  2110. 

AoBOua,  blood  in,  258. 

Aiwmic  urine,  450,  noU. 

AnalyMa,  microacopic,  of  an  animai  floid^  84, 
phyainl,  84 ;  quaUtative,  8a 

AoMBVoa,  urine  in,  53J. 

AiiMOturia,  526. 

AicBLL  on  Ike  blood  in  hvdnenua,  252;  on 
tke  blood  in  YcUofir  Mr,  261 ;  an  to- 
Biited  blood,  260;  on  the  prodoctian  of 
animal  heat,  ix.  prtfaet, 

AvDiUL  on  urinaiy  aedunenii  in  [WMwmnpk, 
457;  on  the  urine  in  typhui^  4^. 

AiDRAL  and  Gavaiirbt,  on  %m  diAnnoea 
in  pneumonic  blood  during  lepealad  ^eo»- 
■eciaanB,  214;  ezperimanii  on  mfte- 
tion,  112. 
on  the  blood  in  acute  riieumatini,  225;  in 
angina  tanaiBaria;  220;  in  cerebral  con- 
geation,  247;  in  chloroaia,  i^;  in  chrome 
fheumatim,  227;  in  erysjpela%  228;  in 
febria  continufi,  242;  in  tebria  intermit- 
tena,  247;  in  hamon^Mgia  oerebralifl,  247 ; 
in  inflammation  <^  the  bladder,  224;  in 
mortnu Briglitii, 265 ;  inperitonitia^ 221 ; 
in  ohthiaii  tuberculoaa,  2^19;  n  pleuritia, 
219;  in  pneumonia,  213;  in  rubeola, 
245;  m  acariatina,  245;  in  typhua  fever, 
238;  in  variola,  244;  their  method  of 
analyzing  blood,  200. 

AVDRAL,    GaV ARRET,  and   DxLAFOIfD    OB 

the  blood  of  domeatic  ammala  in  health 

and  diaeaae,  278. 
Angina  tonaiUaria,  blood  in,  220;  urine  in, 

464. 
Animakulea  m  blood,  273, 285;  in  milk  347; 

inpi]a,367. 
Animal  diet,  ita  efiecta  on  the  urine,  413. 
Animal  fluids,  general  method  of  analyzing,  84. 
Animal  beat,  123. 
Animal  sugans  63. 
Animala,  arterial  and  venona  blood  of  difle- 

rent,  163;  bile  of,  312;  blood-ooipusclea 

of,  93;  Mood  of;  277;  milk  o^  340;  re- 

apiration  oi^  119;  temperature  o(  123; 

urine  of,  554. 


AnaKLHivo  on  the  ooapoation  of  the  wmtL 

373. 
Antimonj,  ite  paaaage  into  te  urine,  560. 
Aorta,  blood  o^  oooopared  with  blood  of  the 

mal  veina,  178;  compared  with  portal 

blood,  169. 
Armic,  15;  ite  peerage  into  flie  mine,  550. 
Arterial  blood,  cauae  d*  ite  bright  colour,  ItS, 

nolt. 

and  venoua  blood,  comparatira  ana- 

Ijaea  ci,  163;  diatmctivB  ciirawMn  oC 

162. 
612. 
AscHXRaoH  on  a  pecnfiar  flvai  of  blood<or 

puade,  95. 
Aadtea,  urine  in,  529. 
Aaa,  chyle  of)  290;  lymph  oC  267;  cokitnim 

of;  341;  milk  0(343. 
Atmoapherie  air,  conyoMlinn  ^  lOOL 
AoDouARO  on  kyalem,  548. 
Atru  on  the  bkwd  in  Bright'8d«eMB,683; 

on  the  urine  in  Bright  a  diapara^  685. 

Balard  on  the  blood  in  plagiMk  261. 

Barroxl  on  flw  delectiGa  of  iMxpliia  in 
urine,  552. 

Barsb  on  flw  exiatenoe  of  eoppc  and  lead  in 
the  human  bo^f ,  15,  iwra. 

Baohxrt  on  the  urine  in  ibeanratiBn,  504. 

Baaea,  vegetable,  their  paaaa0B  into  urine^  551. 

Beaver,  urine  ci,  560. 

BRcquxRKL  asbd  RonixR,  flieir  tnalfraa  of 
healthy  wbom  blood,  183. 
on  the  blood  in  bronchitia,213;iBcyoR»i, 
255;  in  fever,  continued,  944 ;  pneipenJ, 
232;  typhoid,  241-in  ieterai,  23^ii 
inflammation  generally,  207;  in  pericar- 
ditifl,  210;  mperitonitia,  223;  in  phleg- 
mana  alba,  209;  in  phthina  pulmonalis. 
231 ;  in  pleuritia,  SfiM;  in  pneumoDia, 
217;  durms  pregnancy,  274;  In  rheo- 
matnm,  227. 
on  the  influence  of  aez  on  tfae  blood,  194; 
of  veneaectian  on  the  blood,  2(^ 

BscqoxRSL  on  the  amount  of  orine  exoeled 
in  a  atete  of  heaHfa,  448;  hie  analyaee  of 
healthy  urine,  404;  faia  daanfeahnn  of 
mortiid  urinea,  45(^  noli/  on  the  ipecific 
ppravity  of  urine  aa  a  meana  of  aaoertain- 
mg  the  amount  of  aolid  conatituents, 
382. 
on  the  urine  in  an^iina  tanaiBaria,  464;  in 
broQchitia,  456;  m  canoer;  536;  in  oer^ 
bral  hemonfaage,  497;  in  chloroaii^  493; 
in  cystitia,  477;  in  delirium  tremena,  455; 
after  deliveiy,  548;  in  diawiaea  of  apioal 
cord,  456;  in  dropay,  530;  in  djreeDtar, 
465;  in  emphyaema,  464;  ententia,  465; 
in  erysipolaa,  506 ;  in  palritia,  465 ;  in 
hepa^tis,  467;  in  inlemultent  fever,  489; 
in  meningitis,  454;  in  nephritii  acuta, 
469;  m  n.  att>nminoaB,  471^  in  phthisis 
pulmonalii,  512;  in  pleuritn,  461;  in 
pneumonia,  458;  during  pregnancy,  548 ; 
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in  ifaeumatism,  503;  in  scariatina,  507; 
in  scrofula,  510 ;  in  typhus,  483 ;  in  va- 
riob  and  varioella,  509. 

Bbhsch,  his  ibnnula  for  uric  acid,  381,  note^ 

Benzoele  of  ammonia,  test  for,  620. 

fienzoic  add,  its  efiects  on  gout,  505. 

Bbbharo  and  Barbxbwil  on  the  gastric 
juice,  317. 

Bbrtazzi,  his  analysis  of  milky  blood,  272 ; 
OD  the  oocunence  of  copper  in  gall-stones, 
651; 

Bezoor-stones,  650. 

BxBZELiusontheanalyaisof  blood,  143;  on 
the  bile,  307,  312;  on  the  composition  of 
bone,  597 ;  on  the  feces,  576 ;  their  Made 
discoloration  from  the  use  of  iron,  590 ; 
on  the  gastric  juice,  316;  on  the  nanl 
mucus,  352  :  on  the  saliva,  297 ;  on  the 
urine,  402 ;  on  the  precipitates  thrown 
down  from  urine  fay  certain  metallic  raits, 
384 ;  on  the  state  in  which  uric  add 
exists  in  the  urine,  381. 

Bjbra,  his  analysis  of  the  human  bones,  595 ; 
of  cartila^  608;  of  pus,  364 ;  of  teeth, 
607;  on  mtestinal  concretions  in  horses, 
649;  on  the  urine  of  goat,  560;  of  hare, 
560 ;  of  oxen,  557;  of  pig,  559 ;  on  uii- 
naiy  calculi  in  animals,  645. 

Bile,  307 ;  analysis  of  human,  by  Beizelius 
and  Thenard,  308;  by  Fierichs,  686; 
Ibnned  from  the  blood-coipuscles,  176; 
m  icterus,  311;  menmgitis,  686;  in 
pbdusis,  312;  in  pneumonia,  686;  in 
Ktrrhous  pancreas,  311;  inflyphiUs,3l2. 
Hm  actioas  in  digestion,  313;  its  functions^ 

314. 
metfiods  of  detecting  in  blood,  158 ;  in  urine, 

439. 
of  anhnab,  312;  of  coluber  natrix,  313;  of 
cyprinus  leudscus  and  c.  barbus,  313; 
of  ox,    312;    rana    escnienta,   and    r. 
ten^oraria,  313;  of  python  biiittatus, 

BSe-pigment,  46;  in  blood,  268:  in  urine, 

439. 
Biliary    colouring  matter,   8chebkr*8    re- 

■eardies  on,^ll,  note  3. 
ooQcretions  in  man,  650,  in  animals,  652. 
mm,  49;  test  for,  620. 
Bilk  add,  309. 
BilkiQB  feirvr,  urine  in,  500. 
Bifidiolinio  add,  50. 
BilffeUinic  add,  49;  in  mine,  439. 
BilifulTin,  47. 
BiHn,  48;  its  effects  on  blood-corpuscles,  128, 

137;  its  origin,  97,  99;  tests  fiv,  88, 

440;  in  urine,  439. 
BiUverdhij  47;  to  detect  in  ammal  fluid,  88; 

miiiine.533. 
Bil^ibvin,  46;  in  pneumonic  blood,  219;  m 

arine,  4^;  test  for,  158,  note;   621. 
Binoxide  of  protein,  21. 
BiBD  on  calomel  stools  fai  children,  587 ;  on 

the  compooition  of  pus,  363 ;  on  oxalate 


of  lime  and  its  frequent  occuncnoe  in 
urinary  sediments,  79,  445. 

on  the  urine  in  azoturia,  528;  in  dilorosiB, 
496;  in  marasmus.  5.35;  in  phthisis,  513; 
polydipsia,  527;  during  pregnancy,  546. 
Birds,  Uood-corpuades  oC  94 ;   process  of 
digestion  in,  323 ;  temperature  o(  123 ; 
urme  of,  561. 
Blah Diif  on  pus  m  blood,  272. 
Blordlot  on  the  gastric  juice,  316. 
Blood,  91;  alkalhie  reaction  d,  153,  note* 

an«l3rsis  o^  142;  of  coagulated,  160. 

analysis,  miscroscopic,  92 ;  chemistiy ,  spedal, 
of,  142;  constituents,  proximate,  142; 
extractive  matters  of,  36. 

general  chemical  relations  oC  96*«  physical 
characters  o^  91 ;  physiological  rebtiona 
of,  161 ;  metamorphosis  of,  121,  131 ;  in 
nutrition,  127 ;  pathological  chemistry  oC 
198;  spenfic  gravity  o(  92;  temper^ure 
o^  92,  12a 

aflected  by  age,  196;  constitution,  195; 
inflammation,  207;  sex,  194;  tempera- 
ment, 196 ;  venesection,  205. 

arterial  and  venous,  characters  of,  162 ;  be- 
fore and  after  delivery,  its  diflerence,  274; 
of  the  capillaries,  1*80 ;  of  the  hraatic 
vein,  174  ;  of  the  placenta,  197;  or  the 
portal  vein,  169 ;  during  pregnancy,  274 ; 
of  the  renal  veins,  178 ;  of  the  urobiliGal 
arteries,  197 ;  of  young  compared  with 
that  of  old  animals,  196. 

changes  of,  during  the  dirulation,  162^ 
181 ;  in  the  liver,  169 ;  in  the  lungs,  162; 
colour  of,  92;  forces  that  circulate  the, 
107;  formation  of  the,  105;  nervoiis 
syst^,  its  influence  on  the,  168. 

animalcules  in  the,  273,  285 ;  bile-pigment 
in  the,  26H ;  cerearia  m  the,  285 ;  &t  in 
the,  271;  polystoma  sanguiculum  in  the, 
273 ;  pus  m  the,  272 ;  sugar  in  the,  267. 

in  disease,  198;  in  albuminuria,  262,  G&i; 
in  amygdalitis,  220;  in  anemia,  252 ;  in 
angina  tonsillaris,  220 ;  in  Bnght's  dis- 
ease, 262,  682;  m  bronchitis,  211;  in 
carditis,  209 ;  in  carcinoma,  233 ;  253,  in 
cerebral  congestion,  247;  in  chlorosis, 
253;  in  cholera,  265;  in  convulsions, 232; 
cystitis,  324 ;  in  diabetes,  267 ;  in  ecbm[^ 
sia,  232;  in  eiydpelas,  228;  in  fever, 
continued,  242;  intermittent,  247,  679; 
puerperal,  231— typhoid,  236 — yeDow, 
261;inhcmateme8iB,260;  in  htematuria, 
260 ;  in  hepatitis,  221 ;  in  hydrsnnia, 
252 ;  in  icterus,  268 ;  inflammatiooa  ge- 
nerally, 207;  in  inflammation  of  tne 
thoradc  viscera,  679;  in  land-ecurvy, 
258 ;  in  lienitis,  221 ;  in  measfes,  245; 
in  roclena,  259 ;  in  metroperitonitis,  221 ; 
in  metrophlebitis,  208 ;  in  morbus  Brishtii, 
262;  682;  in  moibus  maculosis  Weri- 
hofii,  258 ;  in  nephritis,  224 ;  in  oph- 
thalmia, 680;  in  pericaiditifl^  210;  in 
peritonitis,  221 ;  in  phlegmasia  alba,  209; 
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in  phtfaifflfl  tubercukMa,  229 ;  in  plague,  Baib  variabflis,  Mood  o^  284. 

261;  in  pleuritis,  219;  in  pneumonia,  213;  Bull-frog,  urine  of,  562. 

in  pneumonia  biliosa,  216;  in  puipura  Bordach  on  ihe  kacea  diat  dreahte  fbe 

hnmorxfaagica,  260;  in  rfaeumatiBm,  225;  blood,  108w 

in  rubeola,  245;  in  Bcarladxia,  246;  in  scro-  Bvsuukn  on  worms  in  the  blood,  274. 

fiila,  ^S&S,  682;  in  scurvy,  2S>8;  in  thoracic  Busk  on  the  blood  in  scurvy,  258. 

inflammation,  679;  in  typhus  abdomi-  Butter,  71. 

nalis, 236 ;  in  ty^us  petechialis putridus,  Butyric  add,  71 ;  kystein,  546, 547;  in 

261;  m  variola,  244.  579. 

t    Blood,  animalcules  in  the  273,  285.  Buty^rin,  73. 
of  animals,  277 ;  of  upe,  285 ;  of  bafi> 

variabilis,  284;  of  caU;  2^^285;  of  carp,  Calculi,  saUvaiy,  653. 

284 ;  of  cat,  282, 285 ;  of  dog,  279,  282,  urinary,  625. 

285;  of  duck,  285;  of  eel,  285;  of  eel-  of  animals,  644. 

pout,  285;  of  frog,  285;  of  goat,  278,  Calf,  blood  o^  282, 285. 

282,  283,  285;  of  guinea-pig,  285;  of  CaUus,QO& 

hen,  285 ;  of  heron,  285 ;  of  horse,  277,  Calomel,  stools,  587. 

278,  282;  of  lamb,  279 ;  of  land-tor-  Camel,  urine  ot,  55a 

toise,  285;  of  ox,  277,  278,  282,  283;  Cancer,  L'Heretier's  analyses  oC  659. 

of  pigeon,  285 ;  of  rabbit,  2S2,  285 ;  of  Cahtir  on  a  case  of  d^ibetea,  523. 

raven,  285 ;  of  sheep,  279,  280,  283 ;  of  Cap  and  Her rt  od  uiea  in  the  urine  of 

swine,  278,  282;  of  tench,  284 ;  of  trout,  pents,  562. 

285.  Capillaries,  Uood  of,  180. 

Blood-corpusdes,  general  chemical  relations  o^  Capric  add,  71,  74. 

96;  formation  o^  105;  of  man,  various  Caproic  acid,  71, 74. 

measuiementB  o^  93 ;  of  various  animals,  Capiyllic  add,  71 ,  74. 

93;  ofinegular  fbim,  95;  efibctsofvari-  Carbonate  of  ammonia  in  urine,  443,  531. 

ous  reagents  on,  94;  employed  in  the  Carbonate  of  Ume,  13;  in  uiine,446;  micn^ 

secretion  of  bile,  176.  scopic  character  of,  446. 

and  fibrin,  their  antagonism,  204 ;  metamor-  of  magnesia,  15. 

Jihosis  o^  127.  of  soda,  14. 

•coipuscles,  nuclei   of,    101;   diemical  Carbonic  acid,  fermation  in  &e  blood,  II 6L 

relations  of,  96.  expired,  quantity  of,  112;  how  afieeted  by 

Bloody  urine,  its  character,  435.  dis^ise.  111;  causes a&cting  the  amount 

Boa-c<Hi8trictor,  urine  of,  54,  note,'  expired,  114. 

Bones,  594 ;  carious,  602 ;  in  arthritis,  G02 ;  in  Caibonic  acid,  method  of  detecting  in  uxine. 

osteomalacia,  601 ;  in  rachitis,  601 ;  ne-  385. 

erotic,  604.  Carcinoma,  blood  in,  253:  urine  in,  535. 

of  armadillo,  squirrel,  mouse,  rabbit,  hare,  medullare  colli  uteri,  blood  in,  233. 

sheep,  goat,  bull,  horse,  dolphin,  common  Carditis,  blood  in,  209. 

seal,  cat,  wol^  bat,  ape,  birdjs,  reptiles,  and  Carp,  blood  o^  284. 

fishes,  598.  Cartilage,  607. 

BosTocK  on  bone  in  osteomoladai  601;  on  Casein,  27;  ultimate  composition  of,  676;  ve- 

the  saliva  in  ptyalism,  303.  getable,  16;  to  detect  in  an  animal  fluid, 

Bouchard  AT  on  the  blood  in  diabetes,  268;  86;  in  urine,  438,  540. 

on  diabetic  urine,  523;  on  an  insipid  dia-  Cat,  blood  of,  282,  285;  chyle  of,  290. 

betic  sugar,  442, 517;  on  urine  containing  Catarrh,  urine  in,  498. 

an  excess  of  hippuric  acid,  541.  Cattanbi  on  the  non-existence  of  cupper  in 

BouDET  on  the  &t  in  the  blood,  140;  on  the  tlie  bodies  of  new-born  children,  15,  Jiote, 

composition  of  healthy  and  &tty  liver.  Cattle,  urine  of,  557. 

618;  of  the  lungs,  618.  Caventou  on  thcblood  in  chronic  pleuritis, 220. 

BoussiifGAULT  on  the  urine  of  the  cow,  558;  Cells,  nutrition  of,  128;  functions  of,  120. 

of  the  horse,  556 ;  of  the  pig,  559.  Cellular  tissue,  608. 

Brain,  composition  of  615;  concretions  in  the,  Cephalot,  75. 

654.  Ccrain,  67. 

frits,  75.  Cercaria  in  blood,  265. 

Bright's   disease,    blood    in,   262,     682;  Cerebral  congestion,  blood  in,  247. 

urinary  sediment  in,  472,  693;  urine  in,  Ccrebric  acid,  (58, 75. 

470,693.  Ccrebrot,  75,  77. 

Bromine,  its  passage  into  the  urine,  550.  Cerumen,  563. 

Bronchitis,  blood  in,  21 1 ;  urine  in,  456.  Cetyl,  oxide  of,  67. 

Brunrer  and  Valentin's  experiments  on  Cuevallier  and  Henry  on  the  composition 

Tcspuution,  115.  of  the  milk,  335 ;  on  the  composition  of 

BuCfy  coat  of  blood,  207 ;  its  nature,  22.  note.  morbid  bile,  311. 
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Chsybsul  on  tfieiirineoftfaecniielySSSL  Colouring  mattera,  their  pacaage  into  the  inmey 
Cbiajb  on  the  potysloma  nngcuculuin  in  the  5d2. 

blood,  273.  Goloura  of  arterial  and  rmenm  blood,  cauaea 
CaiLDREif,  on  an  intestinal  concretion,  647.  o^  162,  note. 

Chlorate  of  potash,  ita  efibcts  on  the  blood,  97.  Comparison  of  the  blood  of  the  modisr  and 
Chloride  of  ammonium  in  unne,  deteimina-  fetas,  1 97. 

tion  oC  394.  Composition  of  venous  blood,  188. 

of  cakium,  14.  Coneme,  its  efiect  on  the  blood,  97. 

of  iron,  14.  Constitution,  difierencea  of  blood  dependent 
of  potassium,  15.  on,  195. 

of  sodium,  14:  amount  excreted,  420;  in  Continued  fever,  blood  m,  236. 

urine,  increase  or  decrease  of,  431 ;  the  Convulsions,  blood  in,  232. 

Ibnns  in  which  it  ciyatallsBea  fiom  urine,  Copavia,  its  efibctB  on  the  urine,  434. 

39a  Copper,  15;  in  gaUktones,  651. 

Chlorides  of  sodium  and  potaanum  io  wine,  Cow,  colostrum  o£^  340. 

determination  o^  400.  Cozzi  on  the  blood  in  intermittent  fever,  679* 

Chlorine  (^  urine,  determination  o^  400.  Cruorin,  1 15. 

Chlorohsraatin,  46.  Crystallm,  ultimate  composition  o^  676. 

Chloromicfamyle,  553,  note,  Ciystalline  lens,  610. 

Chloroproteic  acid,  19.  Cubebs,  th^  eflfect  on  the  urine,  434. 

Ch]orosis,on  a  peculiar  fonn  0^257;  blood  in.  Cutis,  609. 

253 ;  saliva  in,  304 ;  urine  in,  4^  Cyanozalic  add,  56. 

Choliemia,  268.  Cyanurin,  47. 

Choleic  and,  50,  309;  PxTTiifKorBft's  test  Qrsts,  analyses  of  their  oontanta,  662. 

fer,  440.  Cystic  oxi^  62. 

Cholepynhin,  46.  Cystin,  62;  a  test  fer,  620;  m  calculi,  630;  in 
Cholera,  blood  in,  965;  fiBces  iz^  584;  urine  urine,  446 ;  ultimate  composition  of^  678. 

in,  500.  Cystitis,  blood  m,  224;  urine  m,  477,  544. 
Cholesterin,  76 ;  its  eatimation  in  the  blood,  87. 

in  blood,  its  incteaae  with  age,  197;  test  Davt  on  the  compoeitian  of  meconium,  572; 

fer,  620.  on  intestinal  concretions,   647;  on  the 

in  urine,  532.  urine  of  a  buU-finog,  568;  on  the  vemiz 

Cholic  add,  50,  677.  caseoea,  571. 

Cboline-aoda,  310.  Day,  his  anaWsis  of  healthy  urine,  405;  on 
Cholinic  add.  49.  the  specif  gravity  of  toe  urine,  382. 


Choloidic  acid,  309.  Dxl a  rivb  on  the  blood  in  hnmatuiia,  260. 

Chomel  on  the  blood  in  typhoid  fever,  210.  Oehrium  tremens,  urine  in,  455. 

Chondrin,  32;  ultimate  conyosition  oC  676.  Dbharcat  on  the  bile,  309. 

Christisoh  on  the  blood  in  Bright's  disease,  Dxhis,  his  method  of  analyzing  blood,  144; 
264;  on  healthy  urine,  404;  fermula  for  on  the  blood  of  the  capiUuies,  181 ;  on 

detennining  the  solid  constituents  in  dia-  venous  blood,  191 ;  on  the  influence  of 

belie  urine,  515.  age  on  the  blood,  196;  on  the  blood  of 

Chyle,  288;  of  do|rs,291;  of  hox8es,289,290.  icterus,  270;  on  the  menstrual  fluid,  275. 

inflnenoe  of  diet  on,  291 ;  fefmed  from  Dentine,  606. 

chyme,  324.  Dxvercis  on  the  presence  of  copper  in  the 

Chylous  urine,  438.  human  body,  15. 

Chyme,  its  oonvenrion  into  chyle,  324.  Deviatiuns  iu  the  oonatitutian  of  morind  Uood, 

C^reulating  fluids,  the,  91.  203. 

Clbhh  on  milk,  330,333.  Detxux  on  diseased  milk,  339. 

Clot,  inferences  to  be  drawn  from  the  siu  and  Diabetes  mellitus,  amount  of  carbonic  add  ex- 
appearance  of,  225,  note.  jnred  in,  1 12;  pathology  oC  524 ;  ooca- 

Coegulated  blood,  analyses  cC  160.  sionally  periodic, 525;  blood  in,  267;  fieoes 

Coagulation,  acceleration  o^  104;  retardation  in,  580;  sweat  in,  64;  note,  524;  urine 

or  prevention  o^  103.  in,  514. 

CoATHOPK  on  the  development  of  carbonic        chjrloeus,  urine  in,  528. 
add  at  difieient  periodb  of  the  day.  111.  insipidus,  urine  in,  526. 

CoiicDBT  on  the  urine  in  inflammation  of  the  Diabetic  su^ar,  64. 

liver,  466.  Dialurie  aad,  59. 

CoLBXRG  on  the  liquor  amnii,  702.  Diastase  in  saliva,  301. 

Colostrum,  331 ;  of  women,  composition  o(  Diet,  its  influence  on  the  urine,  411. 

332;  of  animals,  .^0.  Dietrich,  his  analysis  of  ghiten,  409,  note, 

CoLLARD  DB  Martioht  on  bile  in  the  bk)od  Digestion,  artificia],  315, 322;  process  oC  321  ; 
in  icterus,  2(«.  diseased,  325. 

Colour  of  the  bk)od  in  the  hmer  animals,  92.  Disetswd  bkxxl,  198. 

60* 


Dfantic  KtioD  of  nhi  ( 

'■■• «  oC  316;  ndk  <i^  345, 


DvHiliiL,  bii  uafyu  of  tmllfaj  nnc 
DvRSLMra  on  dn  gMric  juice,  310. 
1)7101)07,  vkK  m  46S. 


Ecknin.  b 
Eel,  Uood  of 


4M.    FaItT  tcidi,  6E 


punpcnlk,  t 
Fdlinic>ad,4 


■dot  385. 
EeHmitbbn]  0(385. 
EoDHiH  oi  kyitom,  544. 
EicHHOLTi  onmin,  350  k 
BrnimtKn  on  the  arincin 
Ekctricitf,  it*  effkt  o 
blood,  103,104. 


Fibrin,  96i  «ir 


ItiD  cofguUtian  of  the 


EmfTema.  urine  in.  463. 

EouDel  of  lerdi,  607. 

Enceplulitk.  nmte  in,  454. 

ERDiHLtfi  an  Ibe  tA  of  homui  blood,  194 ; 
on  dwiriiorihebloodof  nriouimimaK 
SKI ;  on  the  non-eziiteTtce  of  lactic  arid 
in  the  aniniBl  fluidi,  153,  note;  00  the 
pnaence  of  bQe  in  Uw  blood,  158,  naU; 
00  Ibe  aalU  in  Ibebile  of  the  or,  SIS;  on 
the  aril  ofMlira,  300;  on  iha  teca,  676. 

1,453. 

1,  47B. 


FairiD  and  bloc 
136,304. 

FiriiPi,  btood 


FMl,>na]}iea 

Fluid  of  aacile 

hyjraceph 


Enlerilii,  nrim  in,  405. 
-    ■       ■    009. 


a  of  347,  nett. 
in  the  uiine  in  inuntty,  454. 
ErjfaipeUi,  blooJin.2!8;  arine  in,  5W!. 
ElTlhropra6d,3S;  nhimile  camnonliono^  67S. 
Ettwr,  ita  eflect  on  be  Mood,  104. 
EzanUwinala,  urine  in  the,  505. 
Exoetiona.  inloninal,  571. 
Eierdae  ita  eftcl  00  Ibe  mine,  403,  418. 
EzpectofiikD,  parakoi,  35ii. 


Goaei  in  tttt  t 

1I& 

eiolved  bj  ft 

GaKric  tvB,  n 
Gutric  join,  3 
GcMbilti^  tirine 
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Gbddiiios  on  the  blood  in  hydnemiay  853. 

Gelatin,  31. 
sugar  o^  33 ;  ita  ultiinate  compoaitioDy  677. 

GlandR,  compodtion  oi^  617. 

GloboUn,  29;  ha  estimadoii  in  blood,  152. 

Glutin,  32;  origin  o(  34;  ultimate  composi- 
tion oi)  677. 

Glycerin,  67;  ultimate  oooqpoaitiofi  dt,  678. 

Gl^oeryU  67. 

Glyciooll,  33;  its  ultimate  composition,  677. 

Gjulir,  his  anafysis  of  human  lymph,  286; 
oo  the  detection  of  mercuiy  in  salira, 
303;  on  the  mine  in  cnmp  in  die  sto- 
mach, 535. 

Ghklir  and  TixDucAifii  on  the  panoeatic 
fluid  of  the  dog  and  dieep,  3(ro;  on  the 
aaliva  of  the  flhe^  306;  on  the  gastric 
juice,  315. 

Goat,  blood  oi;  278,  282,  285;  urine  o(  560. 

Goodfellow,  his  case  of  animaJnile  in  the 
blood,  274. 

GooDsiR,  his  disooveiy  of  fbe  jorctfui,  592. 

GoosB,  blood  oi;  252,  283. 

Gout,  urine  in,  505. 

Gravel,  urinary,  643. 

Grayxs  on  tlie  presence  of  carbonate  of  am- 
monia in  urine,  531;  on  the  urine  in 
Brigfat*8  disease,  477. 

Griffith  on  a  urinaxy  sediment  containing 
carbonate  of  lime,  446. 

Grubt  on  morbid  mucus,  354. 

Groby  and  Delaford  on  animalcule  in 
^  blood  of  the  dog,  285. 

Guinea-pig,  blood  of,  285;  urine  of,  560. 
Golliyer  on  pus  in  blood,  272. 

GoTERBocx  on  the  composition  of  pus,  361. 

Hcmacyanin,  46. 

Hemapbsin,  45;  origin  of,  136. 
in  urine,  264. 
its  estimation  in  blood,  153. 

Hematemeria,  blood  discharged  in,  260. 

Hsmatin,  48;  metamorphoses  o(  136;  general 
chemical  relations  o^  100. 
its  estimation  of  blood,  152;  ultimate  com- 
position o^  506. 

Hematuria,  urine  in,  498;  Uood  in,  260. 

Hsmorrhagia  cerebralis,  Uood  in,  247. 

Hemorrhages,  Uood  m,  259;  urine  in,  497. 

Haidleu  on  the  analyses  of  milk,  329. 
on  the  compositian  of  woman's  milk,  334. 

Hair,  610;  asoureeofbinoxide  of  protein,  21; 
in  concretions^  621. 

Hare,  urine  oi^  560. 

Healtiiy  blood  m  relation  to  physiology,  161. 

Heat,  animal,  123. 

HsiRRicH  on  the  urine  in  insanity,  454. 

Hbirtz  on  a  nervr  oonstitiient  in  urine,  390. 

HsiLBR  on  biBphein  m  blood,  218;  on  the 
determination  of  albumen,  433. 
on  the  blood  in  Bright's  disease,  683;  in 
sporadic  cholera,  2^ ;  in  con  YulaioDs.  233 ; 
in  febris  pnerperalis,  2:)! ;  m  peritonitis, 
223;  in  metroperitonitis,  224;  in  eiysi- 


pelas,  229;  in  pneumonia,  217;  in  pneu- 
monia biliosa,  218. 
on  the  fluid  of  hydrocele,  670;   on  tiie 
subcutaneous  serum  in  Brigfat*s  disease, 
668. 
on  the  urine  in  ascites,  531;  in  Brig^fs 
disease,  693;  in  choierB,501;  inhnpes 
zoster,  538;  in  moibus  maculoeus  Werl- 
hofii,492;  in  pneumonia, 459;  pompholii, 
539;  in  syphilia,  537. 
on  uroetealith,  542,  635. 
on  the  composition  of  a  green  vomited  fluid, 
591. 

Hklmholtz  on  the  consumption  of  tismie 
during  muscular  action,  614. 

Hen,  blood  o(  285. 

Hehry,  his  table  for  diabetic  urine,  514;  on 
the  urine  in  rheumatism,  503;  in  chronic 
inflammation  of  the  liver,  466. 

Hebrt  and  Soubbirar  on  the  blood  in  dia- 
betes, 268. 

Hepatic  vein,  blood  ci,  174. 

Hepatitis^  Uood  in,  221;  miUiy  aemrn  in, 
271;  urine  in,  466. 

Herberobr  on  diseased  milk,  339;  on  the 
Uood  in  chlorosis,  257 ;  on  the  urine  in 
chlorosis,  495. 

Hbrihg's  analyses  of  the  Uood  of  flie  bul- 
lock, sheep,  and  horse,  165;  experiments 
on  the  velocity  of  the  diculation,  185. 

Heron,  Uood  ojf)  t&5. 

Herpes  zoster,  urine  in,  538. 

Hermar  on  the  urine  in  cholen,  501. 

Hekzog  on  the  urine  m  hepatitis,  467t 

Heterochymeusis,  262. 

HswsoR  on  the  functions  of  the  spleen,  106. 

HrsRoftYHi  on  the  urine  of  camivorai  554. 

Hipporic  add,  60. 
a  constituent  of  healthy  urine,  383. 
of  diabetic  urine,  5 1 7. 
in  eicess  in  urine,  540. 
to  detect  in  an  animal  fluid,  87. 
ultimate  composition  o£,  677. 

HoFFMARH  on  dried  pneumonic  Uood,  217. 

Horse,  blood  of,  277,  278,  282,  285;  patric 
juice  of,  316;  saliva  of,  305;  mme  o^ 
555. 

Humic  add  in  urine  of  herbtvora,  561. 

Humour,  vitreous,  of  the  eye,  612;  aqueous, 
oftheeye,  612.  / 

HoHBOLDT  and  Proybrqal,  their  ezneri- 
ments  on  the  respiration  of  fidies,  119. 

Horefblo,  on  a  test  lor  sugar,  (i4 ;  on  the 
oompoation  of  the  Uood  corpuscfo,  101. 
on  a  peculiar  form  occasionally  pnaented 

by  Uood^XNpusdea,  95. 
on  the  uriue  or  camivora,  554. 

Hybernation,  125. 

Hydatids,  661. 

Hydremia,  Uood  in,  252. 

Hydrocele,  fluid  oC  670. 

Hydrochkxic  acid,  14 ;  in  urine,  393. 

Hydrochloro  proteic  acid,  19. 

Hydrocyanic  add,  its  eflcct  on  tiiB  Uood,  97. 


H;dnirM,&96. 
iHgnma,  fluid  of,  GGE> 

csD»of.S33. 
UTpno*.  23S;  cwMH  a(  OHL 

physnl  diuacten  of  ttM  Maod  ia,  S36. 

iHtftnif  I  chancun  of  lh>  Umd  m,  SSGi. 
Il7«ltck,  uriiM  m,  535. 

Ic^er,  3S7. 

Icfatfajou,  cmoptaitian  of  k>1m  o^  061 . 

Iclenia.bife  in,  311  i  Uool  in,  366;  xuvm  m 


Lukl-tvtoHe,  bk 


n  dw  wi&x  of  Ow  bodr,  660. 

t,  if  lActi  OD  the  Uood,  907; 
[k'i  IhecrjoCai.aate. 
n  fltandD,  Uood  in,  679. 


InBoetm,  urine  ir . 
IiMuiity,  niina  in,  454. 
iHMti,  iMpntian  of,  191. 


laittJu 


Iron,  14;  ita eSbct  on  Ihe  Uood  intUona, 

USUi  iM effect  cn.lhii  urine  in  dilDn^ 

495;  it!  parage  into  Ibe  uiii 

peroiide  o^  pieienoe  in  urine,  3 


K  Lit  loLTK  on  kTitein,  548. 
Krealin,  :I8,  39. 

Kyitcin,  544;  its  uncertuntr  M  m  Inl  fa 
piegaancj,  547,  548. 

l.tcttKXx  on  the  blood  mIfaefligiB, 96a: 
LadujiDot  gbnda,  KciMion  o(  (Hj'i. 
Lactate  oT  mnmoiia  in  c  ' 


«flfaelHini^ 
<il6;  of  tvn 
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on  the  changes  produced  in  the  milk  by  «  Margarin,  70. 

prolooKed  sojourn  in  the  breast,  335;  on  Morgaiyl  and  its  oxides,  68. 

the  efiect  of  temperament  on  the-  milk,  Mahtir  on  the  urine  in  morbus  macukmis 

335.  Werlhodi,  492. 

on  the  saliva,  300;  in  chlorosiB)  304;  in  Martin  Solon  on  the  urine  in  peripneumo- 

mercurial  ptyalism,  3^02.  nia,  4G3. 

on  ttie  urine  in  chkirosiB,  496;  in  intennit-  Mater  on  cercaiia  in  Uood,  285. 

tapt  fever,  490;  in  polydipsia,  526.  Meades,  amount  of  carbonic  add  expired  in, 

LixbIr  on  the  bife,  310.  112. 

on  me  influence  of  the  salts  of  the  food  on  blood  in,  245. 

the  urine,  405;  on  the  non-existence  of  urine  m,  499. 

lactic  add  and  lactates  in  urine,  386;  on  Meconic  acid,  its  passage  into  the  urine,  551. 

the  presence  of  ammonia  in  urine,  394 ;  Meconium,  572. 

on  me  presence  of  hippuric  add  in  the  Medicines,  their  passage  into  the  urine,  550. 

urine,  383;  on  uric  aad,  381;  his  views  Mxggxnhofer  on  &e  composition  of  wo- 

on  ttie  absorption  of  oxygen  by  the  Uood,  man's  milk,  334 ;  on  the  milk  in  syphi- 

133,  nota.  lis,  339. 

Lienitis,  Uood  in,  221.  Meiboinian  glands,  secretion  of,  563. 

Ligaments,  608.  Melsna,  Uood  discharged  in,  259. 

Lime,  carbonate  o^  13;  its  occurrence  in  urine,  Melanurin,  47. 

446 ;  test  for,  622.  Mdiceris,  analysis  oS,  663. 

oxalate  o^  its  occurrence  in  urine,  443;  test  Mclitemia,  267. 

for,  622.  M  ELsxNs  on  the  gastric  juice,  319. 

phoaphate  o^  13;  596;  test  for,  621.  Meningitis,  urine  m,  454. 

urate  o(  diaractere  o^  55 ;  test  for,  623.  Menstrual  fluid,  276;  684. 

Lime  in  urine,  395;  its  determinatioii,  399.  Mercurial  ptyaUsm,  composition  of  saliva  in. 

Lion,  urine  of;  554.  •  302. 

Liquor  amnii,  567,  702.  Mercury  in  saliva,  303 ;  in  the  urine,  550. 

sanguinis,  general  chemical  relation  oC  102.  Mesoxsdic  add,  59. 

Liver,  composition  of  healthy,  617;  of  fotty,  Metals,  their  passage  into  the  urine,  550. 

617;  of  waxy,  618 ;  functions  o^  177.  Metamorphic  actions,  140. 

Lodiial  discharge,  276,  356.  Metamorphosis  of  the  Uood,  121 ;  in  natritkxi 

Lymph,  285;  a  dilute  serum,  287;  chfamiral  127. 

characters  o^  285;  motion  of  in  absorb-  Metritis,  urine  m,  478. 

ento,  288.  Metroperitonitk,  Uood  in,  224. 

Lungs  analysis  oi,  618.  Metrc^ihlebitb  puerperalis^  Uood  in,  208. 

MiALHX  on  a  new  prindple  in  saliva,  301. 

Mao  OniooR  on  the  amount  of  carbonic  add  Microscopic  analysis  of  a  fluid,  84. 

expired  in  disease,  111 ;  observations  on  Milk,  326 ;  before  delivery,  330;  immediately 

diabetic  urine,  524.  after  delivery,  331 ;  changed  by  disease, 

MacLagan  on  intestinal  concretions,  648.  337;  changes  in,  conesponding  with  (be 

Macs  on  the  composition  of  the  liquor  amnii,  age  of  the  in&nt,  337. 

568.  containing  infiisoria,  347. 

Magnesia  in  urine,395;  determinatian  o(  395.  ordinary  healthy,  333. 

arateoC55;  test  for,  623.  physico-chemical  character  of^  326. 

Magnus's  experiments  on  gases  in  the  Uood,  special  chemistiy  of,  327. 

117;  on  the  urine  of  testudo  nigra,  562.  method  of  analyzing,  328. 

Malcolm  on  the  amount  of  carbonic  add  effect  of  nutrition  on  the,  336. 

expired  in  typhus  fever,  112i  efiect  of  temperament  on  the,  335. 

Manganese,  15.  sugar  o^  63. 

Marasmus  senilis,  urine  in,  535.  extractive  matter  o^  42. 

March  AND,  his  analysb  of  healthy  urine,  of  animals,  340. 

404;  of  the  urine  in  osteomalacia,  511;  of  ass,  343;  of  Utch,  345,  687;  of  cow, 

of  a  land  tortoise,  562.  341 ;  of  ewe,  344 ;  of  goat,  343;  of  mare 

oo  die  oompositkn  of  nitrate  of  uvea,  397,  343. 

noie,  medicines,  their  paoage  into  the,  340. 

on  the  salte  of  the  Uood,  194 ;  on  a  gouty  Milk  in  urine,  540. 

oonoetion,  656 ;  on  the  presence  of  urea  Milky  urine,  438. 

ID  Itealthy  Uood,  154 ;  on  the  presence  of  Mineral  constitnente  of  the  animal  body,  13. 

urea  in  the  Uood  in  cholera,  265.  Miticherlich  on  the  saliva,  298. 

Marc  HAND  and  Colrerg,  their  analysiB  of  Monads  in  kystdn,  545. 

lymph,  286.  Moller  on  the  urine  during  pregnancy,  547. 

Margaric  acid,  68;  ultimate  composition  of,  Muore's  test  for  sugar,  65. 

678.  Morbus  Biightu,  Uood  m,  262,  682;  cuta- 
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Deoof  nram  in,  667;  niiM  in,  470,  vam  m  fafunmlofy  •fieelioiii»  46D;  «n 

693.  ^  fliBiiEiDefciMciie^Ui;b 

MoriNHnMcokimWediflffi,  blood  kti  968;  460L 
mint  in,  490. 


Monhk,  iti  poMflB  into  oriDB,  658.  QUedkinf  to  te  niihor^i  wwi  on  te  »•- 
Mo^Mid,  <We.  akM&no  ofblood.  18SL 

MiKfai,850»608;todelBGtinananinalfliiid,  OdomiMi  pdnoiFK  ^bair  jiMm  into  fte 
88. 


lfoeDi,347;lmDcfaidondnilnioiMiy»358.  OB,  dkn,  flM  dbdt  m  ib» 
fan  ^lUtodder,  363;  than  inteilinl  eft-  100. 

nd,  363;  fan  nrinoiT  btoddor,  863;  OUoadd^TO. 

immI,  368;  in  nrine^  boir  dntBrminBii,  OUn,70. 

384 ;  pnndent,  358.  OboiilMboik  neid,  78. 

fanaotikno^  36dL  OmirhinyiOf  384, 66Si 

MocDo  coippKJBi^  34%  Opiiftwhnio,  Uood  nip  680. 

MuLDKBtUi  dlnjofy  of  pnMi,  16;  co  the  Oefila  on  aiMnie  in  hmiAif  booe^  15;  ob 

action  of  tlwin  on  die  eocnamj,  554 ;  OQ  bile  to  liie  blood  in  icMii»  868;  on  « 

tliB  difierenoe  of  eotoor  to  oitaiiil  end  eaeeoflMmietnrii,49B;OB8M  ' 


TenoQi  blood,  168,  nole.  of  monhia  to  nrine,  558;  on  the  » 

MuLDBii*!  Tiewa  on  liio  ebeorptioa  of  ooijw  ajn  off^nriooe  wJiHwiJi  into  the  noM^ 

sen  bj  the  Uood,  133,  nole.  660. 


MoLLXR  on  Ijmph,  S85;  on  liio  adion  of  OksniB  addai  tbair  paange  into uinay 

ip«rioi]etoilaonlii0blood-coipQKlei^96;  cuueilUMuta  of  Ifae  anjiniii  body,  ML 

oo  dw  ixmetftoa  of  dw  fatoodi  107.  0*8BAuaBn«nr  ondie  praHBoeof  teiin 

M«eKan,6a  Ibe  btood  to  cImIbii^  ». 

MtnoQuQ,  6Hi  Oibeoid  **fT'*'^<T|  606b 

Mnede,  618.  Oelnnmilapia,  mine  to,  6IU 

MiMBolar  liMie  of  man,  613,  tMfe/  of  ox,  Oitooporali^  604. 

GBu,  ewine.  loe^  plgefll^  chidwii^  oiip  Ortrioi,  vine  o^  661* 

andtront»6l3.  €Holidii%618L 

oarifted,  analyai  q(  660.  (haiiBndrapif,«iDeiB,688;c7ilibnalfna 

MycnmwKnic  acid,  59.  of  their  oontenta^  668. 

MyeUtis,  urine  in,  455.  Ox,  bile  of  die,  312;  Uood  of  die,  288;  mine 

of  the,  557. 

Na  m k'b  analy see  of  die  Uood  of  the  calf,  dog.  Oxalate  of  ammnnia  in  urine^  443. 

goat,  gooee,  ben,  hocBe,  ox,  rabbit,  riie«>,  Oxalate  of  lime,  microecopieal  chaiacter  oC 

and  avdne,  38S.  79,  443;  in  calculi,  (01;  m  urine,  443; 

analyas  of  chyle  of  cat,  290;  of  healdiy  teat  for,  622;  Bird  on,  445;  Ldumom  en, 

'venooa  Uood,  192.  445. 

oo  die  ba%  coat  m  pleuritic  blood,  219.  Oxalic  add,  78;  in  saliva,  308. 

on  the  compodtian  of  Kmph,  286, 287.  Oxahiric  aad,  57. 

on  the  oompoaitian  of  puhnooaiy  mocua,  Oxypsolein,  20. 

352. 

on  the  diaeaaed  Uood  of  horaea,  883;  of  Panereaa,  aaliva  to  di«aae  oC  303. 

Aeep,283.  Pancreatic  fluid,  306;  to  divaae,  307. 

aenmi  of  pus  compared  with  that  of  Uood,  PaEanxsctum  loricatmn  ani  malatiim  to  Uood 

364.  of  fiogfl^  285b 

Naochi,  his  diaooveiy  of  kystem,  544.  Panbanic  aod,  57. 

Nqphritis  albuminoai^  Uood  in,  224,  682;  Panot,  urine  oi,  561. 

urine  in,  470,  693.  Patxn,  his  error  to  die  anahaia  of  milk,  39B; 

Nerrea,  compoaitioip  of,  617.  on  the  compoaiiioB  of  woman*a  milk, 

NicHOLsoM  on  the  Uood  in  acnifiib,  682.  334. 

Nitrogen,  expiration  0^118.  Pbllktav  on  die  urine  to  typfau%  481. 

Nitrogenous  oooatituents  of  the  human  body,  Pbloozb  and  Gelio  on  the  best  metiiod  of 

16.  obtainiiig  butyric  aoid  fan  aogar,  73L 

Nitrate  of  urea,  53 ;  ita  oonqNMitkm  aooovding  Pemphigus^  fluid  m,  664. 

to  Maichand,  397,  note,  Popeui,  30;  its  ultimatB  conmootian,  676L 

Non-nitrogenous  constituents  of  the  human  Pbpts  on  the  oompoaition  oc  the  leedi,  606. 

body,  63.  Pbbct  on  the  detacfai  of  aloohol  to  nrinr, 

diet,  its  efibcta  on  die  urine,  417.  5.53. 

Nuclei  of  Uood-corpuades,  to  separate,  94 ;  on  the  efiect  of  ezeidse  on  the  orine,  422. 

the  general  ch^nical  relaticos  o^  101.  on  diabetic  urine,  523. 

Nutrition,  metamorphosis  of  Uood  in,  127.  on  the  urine  m  Brig^^s  JiasaiB,  475. 

NrsTEit,  his  obaorvatiana  on  tlw  amount  of  on  urine  m  carcinoma  of  tlw  liver,  536L 
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PsmcT  on  the  fieees  in  hetkfa,  578;  in  dii 

581;inJ«Bi^68a 
OD  the  fluid  of  Baatea,  666;  of  faydrooele. 

669. 
PericttdkM,  blood  m,  310;  nrineMi,452. 
Pcripneamonk,  urine  in,  463b 
Peritonitis,  blood  in,  221 ;  nrine  in,  467. 
PcnfMimtion  containing  augur  in  diabetes^  64, 

note;  524. 
pBTTiiiKorBR,  his  test  lor  bile,  440;  on  a 

new  constituent  in  urine,  392;  on  urine 

containing  an  excess  of  hhipnric  acid,  541. 
Philipp  en  &  urine  in  soanatinat  50dL 
Phlebitis  uterine,  urine  in,  454. 
Phlegroasia  alba,  blood  in,  209. 
Phloffoses,  urine  in  the,  450i 
Phlondzin,  its  effect  on  ttie  urine,  553. 
Phosphate,  ammoniaco-magnesiao,  621 ; 
of  lime,  its  micrasoapic  appeaianoe,  39& 
of  lime  (basic)  test  for,  m. 
of  magnesia  sum  ammonia,  14. 
of  lime  (neutral,)  test  for,  13, 621. 
PlMMphate  of  soda  (tribasic,)  tike  cause  of  the 

alkalini^  of  the  blood,  154,  note. 
Phosphate  of  soda,  14. 
Phosphoric  add  in  urine,  393;  its  deteimina- 

tion,400. 
Phthiids  tubercukwi,  blood  in,  229;  urine  in, 

512. 
Physiology  of  healthy  Uood,  162;  of  healthy 

urine,  405. 
Physical  analysis  of  a  fluid,  83. 
PiariuBmia,  271. 
Pig,  urine  oi,  559. 
Pigeon,  Mood  o^  285. 
Pineal  g^nd,  grit^  matter  in,  654. 
PiOTTi  on  mabid  sweat,  375. 
Placental  blood,  197. 
Plague,  blood  in,  261. 

Plasma,  genuine  diemical  rdations  of  the,  102. 
Platner  on  the  bile,  310. 
Platfair  on  the  fieoes  in  health,  578. 
Pletbors,  Becquerel  said  Rodier  on  the  blood, 

250,no^e. 
Pleuritis,  blood  in,  219;  mine  in,  461. 
Fleuropneumonia,  urine  in,  462. 
Pneumonia,  blood  in,  213;  urine  in,  457. 
Polyurcais,  526. 
Polydipsia,  526. 
Pompholix,  urine  in,  539. 
Porptiyra  b&emonhagica,  blood  in,  258. 
Poital  blood,  solid  constituents  o^  171;  com- 
pared with  arterial,  169. 
Potash  in  urine,  394. 
bibasic  phosphate  o^  its  propertieB^  406. 
chlorate  o^  its  cflects  on  the  blood,  97. 
urate  o(  55;  test  ibr,622. 
Piegnancy,  blood  during,  274;  urine  during, 

544. 
Pbeus  on  the  compoation  of  tuberelo,  657. 
Prostatic  fluid,  566. 

ProCefai,  16;  ultimate  composition  oC  675w 
ooomounds,  to  detect  m  an  animal  fluid, 

86;  diagnosis  o^  24. 


Protein,  metamorphoaes  of  sulphuric  add  and 
protein,  18;  of  hydrocfalonc  add  and  pro- 
tein, 19;  of  nitric  add  and  protein,  19;  of 
chlorine  and  protein,  19;  of  potMh  and 
protein,  22. 
binoxide  of,  21;  ultimate  eompodtion  o( 

675. 
tritoxide  ot,  20;  ultimate  copipositiop  0^675. 
oxides,  their  efiect  on  the  colour  of  ailerial 
blood,  162,  netfe. 

Frotid,  23;  ultimate  composition  o(  675. 

Fboot  en  flie  composition  of  flie  liquor  amnii, 
569;  on  the  development  of  carbonic  add 
firom  the  lungs  at  difierent  periods  of  the 
day,  111;  on  the  gastric  juioe^  315;  on 
the  stale  in  which  uric  add  eousti  in 
urine,  381. 

Proximate  analysis^  general  princ^)les  o^  81. 

Ptyalin,  31 ;  to  detect  in  an  animal  fluid,  89 ; 
Wright's  method  of  detennining,  296. 

PuTgative  action  of  salts  explained,  407. 

Purpura  hemonrhagica,  blood  in,  260. 

Purpurate  of  aromonis,  58. 

Puipuric  add,  59. 

Pus,  360 ;  containing  infiiaoria,  367. 
finmation  of,  368. 
in  the  blood,  272 ;  in  urine,  447;  m  mucus^ 

OOo. 

uric  acid  in,  366. 

fiom  the  bladder,  364,  366;  from  the  eel 
lular  tissue,  366;  from  flie  bones,  366 
fiom  the  liver,  366;  fiom  pustules  in 
smallpox,  365 ;  fiom  synovial  membrane 
of  the  knee,  365 ;  fiom  iyphilitic  bobo^ 
365. 
arthritic,  366;  scortmtic,  967;  icrofiiloa^ 
366. 
Pyin,  35,  361 ;  to  detect  in  animal  fluids  83, 

89. 
Pyohsmia,  272. 
Pyrosis,  analysis  of  the  fluid  o^  592. 

Quinine,  its  peangc  into  the  urine,  551 ;  sul- 
phate ot,  its  eflect  on  the  Uood-corpus- 
cle8,96. 

Rabbit,  blood  o(  282, 285;  urine  id,  560. 

Rachit^  urine  in,  510. 

Raoskt  on  the  composition  of  diseased  bone, 
601 ;  on  the  determination  of  urea  by  a 
new  method,  691. 

Raiht  on  the  presence  of  urea  in  the  blood 
in  cholera,  265. 

Rattlesnake,  urine  of,  54,  note. 

Raven,  blood  o(  285. 

Rater  on  a  peculiar  ibnn  of  uric  acid,  4%; 
on  urine  in  nephritis  acuta,  469;  on 
urine  in  Bright's  dkease,  471 ;  on  an  en- 
demic hematuria  in  the  liie  of  France, 
498. 

Rxxs  on  die  blood  in  diabetes,  268;  on  the 
chyle,  290;  en  the  lynmh,  287;  on  the 
liquor  amnii,  568;  on  the  action  of  cu- 
bebs  and  copaiva  on  the  urine^  434. 
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Rsica  OD  diabetic  urine,  582.  ScMBmim  oo  flic  diflewnce  of  cflioqr  in  irteriJ 

Rstc«KiiT  on  the  fanes  that  fiwiJilfi  the  tnd  vtoaam  blood,  168  jm^ 


blood,  lOe;  on  the  fanuitioQ  of  the  blood-        en  the  Iwir,  6ia 
eoriMMdee,  107.  en  tbB  locfaid  diKbaige,  276L 

Rfloel  iwine,  blood  tit,  oompued  with  blood  of       on  the  urine  in  en— ice,  53S;  in  Bngjkfi 


ITtt.  dinne,474;  in  fabriipaeipenii%4«; 

Rcnel  phthiiia,  urine  in,  514.  in  iderai^  533;  in 


Bern,  bttitfy.  49,  C90.  535;  in  tnihw^  487;  in  ortieeria  tite^ 

Beyiation  of  die  fotm,  119;  of  WQnn%121;  colon,  537. 

ofinnct^  l81;offiibei^  119.  ontbeextmditemetlenof  urin^  4S9^iMfe. 

tbB  praoni  oC  108.  SdenMia,  604. 

Rhenmetim,  Mood  in,  225;  urine  in,  503.  Scrloi isviioBm  on  the 


Khinooeroe,  urine  o(  558.  tion  of  a  he  goat,  844 ;  ezperimeoli  to 

RiiiDesopF  on  the  blood  in  pnenmonia,  216;  detennine  the  ammmia  in  nrine^  394; 

in  rtieomatiHn,  227;  in  erjmpt^  229.  on  the  nrine  in  Bright**  dweaw, 475;  oo 

on  the  menrtnial  fluid,  275.  the  oonqpontion  of  the  fleah  of  wtrion 

RocHLBDBR,  bin  experiments  on  cantn,  29.  animdi^  613;  on  gianel  in  ueiMium 

RoLLo  on  the  blood  in  diabetee^  267.  children,  644. 

Roaacir  acid,  47.  Scrhitz  on  pulvwtoma^ike  animalodei  m 

Roil  on  the  urine  in  hepatites  466.  the  blood  of  the  hone,  285^ 

RoiaioHOL  on  the  souroea  of  copper  in  the  Scboivlkir  on  the  dtagniniBii  of  bknonhot 

animal  body,  15,  note.  from  flie  examination  of  the  urine,  SOS; 


RoDTiEB  on  the  blood  in  pmpoim  hwuunha-  on  the  blood  diacharged  in 

gica,260.  260;onfliebloodinerya^idH^944. 

Rubeola,  blood  in,  245.  on  the  urine  in  c^r*titiB,  478;  in  diaheiBi^ 

Ruminantia,  pioceai  of  digealion  in,  323,  515;  in  hqpatitia,  467;  in  hydrothonx, 

529 ;  in  inflammatory  dianhosa,  465;  in 

Sal  microconnicum,  14,  394.  influeraa,  499;  in  jaundioe,  532;  k 

Salidn,  ita  chan^  in  the  organim,  558.  nephrita^  469;  in  pneumonia,  450;  in 

Saliva,  296 ;  daily  amount  St,  295 ;  oompoai-  acniflila,  510 ;  in  typbun^  481 ;  in  ywodt, 

aition  oi,  296.  509. 


Saliva  in  cfaloroaia,  304 ;  m  drapay,  304 ;  in  Scboltz  on  the  action  of  farioua  teati  en 

inflammatoiy  afiectionfl^  304  the  blood-corpoadee^  96 ;  on  the  blood* 

mode  of  analyaia  of,  296.  coipuadea  of  a  aalamander  auflbcated  in 

ofanimalis305;  ofdog,305;  ofhone,305;  canwnic-acid  gaa,  96 ;  on  the  caqpaole  of 

of  sheep,  306.  the  bloodnxxpuade,  95;  on  the  faraei 

uleafin  digestion,  301.  that  circulate  the  blood,   108;  on  the 

Saliva,  acid,  301;  bilious,  304;  &tty,  304;  ibmiation  of  blood-oorpuacksv  206;  on 

morbid,  301 ;  sweet,  304.  portal  blood.  169. 

Salts  in  the  blood,  their  functions,  130;  their  Scbultz  and  Hbrlb  on  the  devdopment  of 
estimation,  153.  blood^orpuades,  132L 

how  calculated  from  their  |iroximate  ele-  ScHwaRTFaGsa,  hn  teat  far  bile,  440. 

ments,  399;    their  diuretic  action  ex-  Soortnitus,  blood  in,  258,  682;  urine  in,  490. 

plained,  407;  their  purgative  action  ex-  Scrofula,  Uood  in,  253 ;  urine  in,  509. 

plained,  407.  Scrofulous  matter,  analysis  o(  659. 

in  urine,  the  amount  excreted,  420;  their  Scurvy,  blood  in,  258;  urine  in,  490. 

amount  aflected  by  disease,  431, 449.  Sebacic  acid,  70. 

vegetable,  their  passage  into  the  urine,  551.  Secretions  of  the  male  generative  organs,  564; 
Salyolic  acid,  533.  of  the  female  ffenerative  organa,  567. 

Salydlous  acid,  its  occurrence  in  the  urine  Sediment  in  Brigfars  diseaae,  47i3;  of  urate  of 

afier  taking  salicin,  533.  ammonia,  426. 

Sahsoh  on  a  blue  colouring  matter  in  the  Semen,  564. 

Uood,  46 ;  on  a  yellow  colouring  matter  Serolin,  77. 

in  the  blood,  45.  Serpents,  urine  oi,  561. 

Sardna  ventriculi,  592.  Serum,  milky,  caaea  o(  213,  223,  224,  271, 
Scarlatina,  blood  in,  246;  urine  in,  506.  272. 

ScuARLiNo,  experiments  on  expired  air,  113;  v.  Ssttxit  on  urine  of  the  pig,  558. 

researches  on  the  urine,  384;  on  omich-  Sex,  di&ranoe  crf'blood  in,  194. 

myle,  533,  note.  ^leep,  blood  o^  279,  282,  285;  moibid  blood 
ScHKKKR  on  the  bile  in  a  case  of  icterus,  ot,  280,  283;  aaliva  oC  306. 

311;  on  the  analysis  of  tuberde,  675.  Silica,  15;  teat  for,  623. 

on  the  blood  in  bronchitis,  212;  in  typhoid  Silicic  add  in  urine,  393. 

fever,  242 ;  in  pneumonia  bilioaa,  218;  Sior,  his  caae  of  milky  blood,  272. 

in  metroperitonitis^  224.  Skin,  true,  609. 
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Bkia  dmtm,  urine  m,  537.  Tempentuic  of  the  blood,  92. 

diseaK,  amount  of  carbonic  acid  axpixed  Temperature  of  diflercnt  animal  123. 

in,  112.  Tench,  blood  o^  284. 

SmaUpoz,  amount  of  caibonic  acid  expired  in,  Tendons,  609. 

111.  Testicle,  analysis  of  milky  fluid  from,  G3,  note. 

Soda,  bibaaic  phoaphate  o^  its  properties^  406.  Testudo  nigra,  urine  of,  5(i2. 
Soda,  in  urine,  39;).  tabulata,  urine  o^  562^ 

urate  oil  5r> ;  test  for,  622.  Thein,  its  effix:ts  on  the  urine,  553. 

Solid  constituents  of  urine,  increase  or  diminu-  TuiifARD   on  the  con^position  of  the  bile, 

tion  o(  423.  308. 

SoLLT  on  the  urine  in  osteomalacia,  512.  Thbyer  and  Schlosikr  on  the  bile,  310. 

Solon  on  the  urine  in  peripneumonia,  403 ;  Thionuric  add,  59. 

on  the  urine  in  variola,  509;  on  the  Tuompioi*  on  the  saliva  in  mercuiial  pty- 

preaence  of  albumen  in  the  urine  in  alism,  303. 

scarlatina,  507.  Tiedeman.m  and  Gmelin  on  the  blood  in 
Spamamia,  chemical  characters  of  tlic  blood  icterus,  270 ;  on  the  comparison  of  chyio 

in,  251 ;  physical  characters  of  the  blood  and  chyme,  324 ;  on  the  8ali\'a,  297 ;  on 

in,  251 .  chyle,  291 ;  on  l>inDh,  286 ;  their  table  of 

Specific  gravity  of  blood,  92;  of  urine,  419;  the  temperature  of  birds,  123. 

how  determined,  396.  Tiedsm  ai«n  and  Rudolphi,  table  of  the  tem- 
SpermatOEoa,  564 ;  in  urine,  543.  perature  of  animals,  124. 

Spinal  chord,  compoRition  of,  616.  Tiger,  urine  o^  554. 

Spirit,  explanation  of  term  in  contradistinction.  Tissues,  formation  of,  from  cellar  121 . 

to  alcohol,  31,  note.  Torula,  the,  66. 

Spirit-extract,  37 ;  of  blood,  40;  of  milk,  42 ;  Trail,  on  milky  serum,  221,  271. 

of  urine,  41,  398.  Tritoxide  of  protein,  20. 

to  detect  in  an  animal  fluid,  89.  Trommer,  his  test  for  sugar,  65,  441 ;  ap- 
Spleen,  Hewaon's  views  of  the  fonctionBO^  106.  plied  to  the  blood,  156 

SpRBifGBL  on  the  urine  of  catUe,  557.  Trout,  blood  o^  285. 

Sputa  in  bronchitis,  357;  in  phthisis,  359, 361.  Tubercles,  657;  peculiar  corpusdea  in,  362L 

Stearaoonot,  75.  Tubercular  phthisis,  blood  in,  229 ;  urine  in, 
Stearic  add,  68;  ultimate  composition  o^  678.  512. 

Stearin,  69.  Typhus,  urine  in,  478. 

Subrubrin,  46.  Typhus  abdominalis,  blood  in,  236. 

Sudor,  371.  Typhus  petcchialis  putridus,  blood  in,  261. 

Suet,  76.  Umbilical  arteries,  blood  of,  197. 

Sugar,  ita  formation  in  diabetes,  524 ;  to  detect  Urtemia,  262. 

in  an  animal  fluid,  89 ;  methods  of  de-  Uramil,  59. 

tecting  in  blood,  156 ;  in  the  blood,  267 ;  Uramilic  acid,  59. 

in  the  blood  in  diabetes,  267 ;  tests  for.  Urate  of  iftumonia,  55 ;  increased  quantity  oi^ 

64 ;  fields  butyric  acid,  73.  m  urine,  425 ;  microscopic  test  for,  427 ; 

of  gelatin,  33.  occurrence  in  calculi,  iJ2S ;  oocurrenoo  in 

of  milk,  63 ;  of  milk  in  the  liquor  amnii,  intestinal   concretions,    647,  resembling 

569.  *  cystin  in  form,  63,  note. 

in  urine,  441,  514;  diabetic,  64.  Urate  of  lime,  55;  test  for,  623;  magnesia, 
Sugars,  animal,  63.  55 ;  test  for,  623 ;  potnsli,  55 ;  test  for, 

Sulpho-bi-proteic  acid,  16.  622;  soda,  55;  in  urine,  427;   micro- 

Sulphb-proteic  acid,  18.  scopical  character  o^  428;  test  for,  622. 

Sulpho-cyanoeen  a  constituent  of  saliva,  299.  Urea,  51 ;  amount  excreted,  419;  amount  in 
Sulphuric  ado,  its  formation  from  transformed  healthy  urine,  419 ;  amount  modified  by 

tiflsues^  409 ;  in  urine,  393,  4(K).  disease,  423,  448 ;   its  conversion  in  tKe 

Sutherland  and  Uiobt   on  the  urine  in  system  into  carbonate  of  ammonia,  456. 

insanity,  454.  its  presence  in  healthy  blood,  154;  its  pre- 

Sweat,  371 ;  of  animals,  378.  sence  in  the  blood'  in  Bright*s  disease, 

sugar  in  the,  64,  note.  203;  its  presence  in  the  Mood  in  chofera, 

morbid,  375.  26();  fallacies  to  be  guarded  against  in 

Swine,  blood  o^  282,  273 ;  urino  ot,  559.  searching  for  it  in  blood,  156;  its  action 

Synovia,  608.  on  tlic  blood-corpusdes,  97;  its  qualita- 

fi^phjlia,  milk  in,  339 ;  urine  in,  537.  tive  determination  in  animal  fluid  geno- 

T«urin,  49 ;  on  the  occurrence  of  8ul[)hur  in,  rally,  84,  87 — in  blood,  154— in  urine, 

309,  note,  382. 

Tean^  ibe,  562.  its  quantitative  determination  in  urine,  397 

Teeth,  606.  —by  Ragsky's  method,  691—in  diabetes. 

Temperament,  diflferences  of  blood  in,  196.  515. 
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<i3ll;  uUliiMtF  (unpiHlinn  o£  liT?. 
Uiicoiidi'.  I>3;  ralfuliuCii'J:';  imfor.CZO; 
nllltiulc  niiiiiodtiuii  iiT,  1*16. 

DriDuy  nJculLliiiri;  )ir««l,  M3. 

Urin-,  mniBiNtiun  vf  healdiy.  41)3;  citractira 
iTOtti'n  uC  4 1 ;  wak-i-eitnd  o(  4 1 ;  qiiiiU 
cilnrl  u£  41 ;  ikiJiul-eitracI  al^41. 
wthDluKical  cluinKra  in,  4'£i. 
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liuric  arail  b  i-ia-Ht.  MU;  iiuiiBo,  M3; 
[Mil.  447;  aeuirii.  5(i4;  augur,  441. 
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4li4;  in  aicitei.  !<2!l;  in  liiiioui  fcvtr, 
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in  cnnniin|ilion.  inilaunury,  ^I'i;  in  cyi' 
tili^  477 ;  in  ilcliiiuni  tremens,  435 ;  in 
iliatctca  inniwIuK  blib;  in  ilifilii-ti.ii  nicl- 
lilu«,314;  ill  ilrupayi  3StJ ;  ui  (1) acniery, 
4(iri;  in  emptiya-iiLa,  4<>4;  in  enipyeiim, 
4tJ3;  m  Gncc{iliiililii,  4'i4;  in  cnJocanli- 
til,  453;  in  enlrritiH,  4G.'>;  in  enraippla^ 
COC;  in  Ibvn  liiliouii,  500;  guliic.  5(N); 
inWniiiltrnt,  4HB— raucous,  fillO— puer- 
peral, 4lir)— ly[ihoid,  47B;  in  gB«riii«, 
4tir>;  in  hriuontt^M,  497;  in  hcpalilia, 
400;  in  hcrpc*  loaler,  538;  in  liydrotho- 
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Venous  and  ftrterial  blood,  oampaiative  analy- 
gis  o(  163;  distinctive  characteni  o^  162. 

Venous  blood,  the  sothnr^s  analjues  o^  189 ; 
compared  with  tbe  blood  of  the  capillaries^ 
18U ;  composiUoii  of  healthy  human,  189 ; 
Denis's  analyses  o^  191 ;  Lecanu*s  analy- 
ses c^,  190. 

Vemix  caseosa,  570. 

Vesical  catanli,  urine  m,  502L 

Vesical  phthisis^  urine  in,  514. 

Vibrio  cyanogenus  in  mUk,  347. 

Vibrio  xanthogenuB,  347. 

V 10  LA  on  uric  acid  sediments,  424. 

VoGSL  on  the  menstrual  flukl,  275;  on  the 
saliva,  303;  on  the  urine  in  cholera,  501 ; 
on  the  urine  of  the  elephant,  558 — of  the 
rhinoceros,  558. 

Vomiting,  matters  discharged  by,  590. 

VoioT  ou  the  compontion  of  the  liquor  amnii, 
568. 

Wagiier,  his  experiments  on  the  velocity  of 

the  circulation,  187;  on  the  forces  that 

circulate  the  blood,  107. 
Wasmann,  his  directions  for  obtaining  pcfMin, 

30. 
Water,  amount  in  urine  affected  by  disease, 

448;  determination  of,  in  urine,  396. 
Water  extract,  37;  of  blood,  40 ;  on  milk,  32; 

of  urine,  41,  398. 
WiEifHOLT  on  the  composition  of  the  dun, 

609. 
Willis  on  the  absence  of  urea  in  urine,  424; 

on  anazoturia,  521;  on  the  specific  gravi^ 

of  diabetic  urine,  514;  on  urine  in  arthn* 


tic  nephritii^  470;  on  mine  in  typhoid 

fever,  480;  on  urine  in  vesical  catanfa. 

50S. 
Wilson  go  the  fluid  ejected  in  prrosifl^  592. 
WiTTSTocK  on  the  blood  in  cnokra,265; 

on  the  urine  in  cholera,  501. 

Won  lbr  OQ  the  passage  of  various  substances 

into  the  urine,  550. 
Wood  on  the  composition  of  pii%  363. 
Worms,  respiration  o^  121. 
Wright  on  the  composition  of  pus,  363;  on 

the  detection  of  alcohol  in  urme,  552 ;  on 

the  saliva,  298^in  mercurial  ptyalism, 

3U2. 
WuRTZ  on  the  production  of  butyric  add 

from  fibrin,  74. 
WoRTZXR,  lymph  described  by,  286. 

Xanthic  oxide,  61;  test  for,  431. 
Xantho-hematin,  46. 
Xantho-proteic  add,  19. 

Yellow  fever,  blood  in,  261. 

Young  animal  characters  of  the  blood  oS, 
198. 

Zan arslli  on  milky  serum  in  pneumonia, 
271. 

ZiMMKRMAitic  on  the  blood  in  ophthalmia, 
680 ;  on  the  blood  in  thoradc  inflamma- 
tion, 679 ;  on  the  occurrence  of  fibrin  in 
urine,  436,  note,'  on  the  specific  gravity 
of  the  Uood  in  pneumonia,  217;  on  the 
urine  in  endocarditis^  453;  on  the  urine 
in  pneumonia,  461. 

Zomidin,  37,  39. 
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Hale's  Eth.xographt  and  Puiloloot,  impe- 
rial 4to.,  being  7th  toI.  of  the  U.  8.  Exploring 
Expediiion. 

Hekbchbll*!  Trxatisi  on  Astronomt,  1  ToK, 
ISmo.,  cuts. 

BfiMAl/s*    COMPLBTI    PotTICAL    WoRKS,    Ul   7 

volf.,  12mo. 
HxsiAifs*  JVUmoirs,  bj  her  Sister,  1  toI.,  12nio., 
cloth. 

IIlLLIARD    ON    TRB    AMERICAN    LaW  OF    ReAL 

E^ATE,  2  large  vols.,  8vo.,  low  sheep. 
Hill  on  Trustees,  Ekiitod  byTroubat,  1  laige 

vol.,  8vo.,  law  sheep. 
Holtbouse's  Law  DicrroNART,  with  laige  ad- 
ditions, 1  vol.,  royal  12mo. 
[n«ersoll's  History  of  the  Late  War,  1  vol.,. 

8vo. 
Irving's  Columbus,  in  2  vols.,  Svo. 
Irvino's  Beauties,  in  I  vol.,  ISnio. 
Irving*s  Rocxt  Mountains,  2  vols.,  12ino., 

cloth. 
Johnson's  Gardener's  Dtcttonart,  edited  by 

Landreih,  1  vol.,  lar^e  12nio.,  with  cats. 
Keble's  Christian   Year,   in  32mo.,  extra 

cloth,  with  illaminatod  title. 
Kirby  cn  A.ntmals,  1  vol..  8vo..  plnfes. 
KiRBY  iiND  Sfence's  E\TOMOLtiGY,  1  largc  8vo. 

vol.,  with  plates,  plain  or  colored. 
Life  of  Thomas  Jefferson,  by  Judge  Tucker, 

2  vols.,  Svo. 
Language  op  Floweks,  1  vol ,  ]8ino.,  colored 

plates,  extra  crimson  cloth,  gilt. 
Loves  of  the  Poets,  by  Mrs.  Jamieson,  12nio. 
Landretu's  Rural  Register,  for  1847,  royal 

12ino.;  price  only  15  cts.,  about  100  cuts. 
Lover's  Rory  0*More,  royal  12mo.,  with  cuts, 

paper,  price  50  cts.,  or  extrsi  sncn  cloili. 
Lover's  Legends  and  jStories  ot  1ri:i.a.n'D, 

ro3ral  12mo.,  with  cuts,  paper,  price  50  cts., 

or  in  extra  green  cloth. 
Lover's  Songs  and  Ballads,  royal  12mn., 

paper,  price  25  cts. 
Marston  ;  or  the  Soldier  and  Statesman,  by 

Croly,  8vo.,  sewed,  50  cts. 
IIackintosh's  Ethical  Puilosofbt,  I  vol., 

Svo. 
IIedical  Botany,  by  R.  E.  GrifTth,  M.  D., 

with  400  illustrations.  < 

Moore's  History  of  Ireland,  complete  in  2  ^ 

vols.,  8vo.,  cloth.  ( 

Martin  Chuzelewit,  by  "Box,"  cloth  or  pnnor. 
Millwright's  and  Miller's  Guide,  by  Oli- 
ver Evans,  1  vol.  8vo.,  many  plates,  new  ed. 
Mills'  History  of  the  Crusades  and  Chi- 
valry, 1  vol.,  Svo.,  extra  cloth. 
Mills'  Sportsman's  Library,  i  vol.,  12mo., 

extra  cloth. 
Narrative  of  the  Untfed  States  Exflorino 

Expedition,  by  Captain  Charles  Wilkes,  U. 

S.  N.    In  6  vols.,  4to.,  $60;  or  6  vols.  imp. 

Svo.,  $25  ;  or  5  vols.  Svo.,  $10. 
Niebuhr's  History  of  Rome,  complete,  8  vols. 
•    Svo.,  extra  cloth. 

Nicholas  NicKLEBY,  by  "Box,"  cloth  or  paper. 
Oliver  Twist,  by  "Box,"  cloth  or  paper. 
PicrioLA, — The  Prisoner  or  Fenestrrlla, 

12mo.,  illustrated  edition. 
PifjKwicK  Club,  by  "Bos,"  cloth  or  paper. 
Philosophy  in  Sport  mads  Science  in  Eak- 

nest,  IvoL  royal  16mo.,with  many  cuts, 

Bush  s  Residbncb  at  the  Court  of  Londov, 
new  series,  1  neat  vol.,  Svo.,  cloth. 

Ranee's  History  of  thi  Popes  op  Rom,  1 
vol.,  8vo.,  cloth. 

Ranee's  History  of  tri  Rbporhatiov  n 
GuuLUTT,  to  be  Gompiete  in  oM  f  oU  Svo. 


Ranee's  History  of  the  Ottoman  and  Span- 
ish Empires. 

Rogers*  Poems,  a  splendid  edition,  illastratad« 
imperial  Svo.,  extra  cloth. 

Rooet's  Outlines  of  Physioloot,  one  vol^ 
Svo. 

Roget's  Animal  and  Vxoetablx  PirrsTOLOVTy 
2  vols.,  Svo.,  cloth,  with  about  400  wood- 
cuts. 

Roscoe's  Lives  of  the  Kings  of  England,  • 
12mo.  series  to  match  the  Queens.  Vol!  1 
now  ready. 

Striceland's  Lives  of  the  Queens  op  Eng- 
land, 9  vols.,  12mo.,  cloth  or  paper,  [to  bo 
continued.] 

Select  Works  of  Tobias  Smollett,  1  vol., 
large  Svo.,  cloth,  or  5  |Nurts,  paper,  $1.50. 

Stbor.xe's  Waterloo  Campaign,  with  Mapo 

1  vol.,  larn^  Svo. 

Stable  Talk  and  Table  Talk,  for  Sports* 
MEN,  1  vol.,  12mo. 

Small  Books  on  Great  Subjects— No.  1,  "Phi- 
losophical Theories  and  PHiLosoPfiirAL 
Experience."  No.  2,  "OntheConnectiom 
ietwera-  PHvsior.ooT  ANP  Intellectual 
Science."  No.  3,  "On  Man's  Power  over 
himself  Tt»  Pukventok  Control  Insanity." 
No.  4,  "An  Introduction  to  Practical 
Organic  Chemistry."  No.  5,  "A  Brief 
ViRw  of  Greek  Philosophy  up  to  the  Aor 
of  I'EBin.Es."  No.  6,  "A  Brief  View  op 
Greek  Philosophy  from  the  Age  of  So- 
crates TO  the  Coming  of  Christ."  No. 7, 
"Christian  Doctrine  and  Practice  in  the 
Second  Century."  No.  8,  "An  Exposi- 
tion OF  VuLOAR  AND  COMMON  ErRORS, 
ADArTKD  TO  THE  Y  EAR  OF  GrACE  1845."     No. 

9,  **An  I.ntr«^dv'tion  to  Vegetable  Phv- 
siologv,  with  References  to  the  Works 
of  De  Candolle,  Lindley,  &.c"  No.  10, 
"On  the  Principles  of  Criminal  Law." 
No.  11,  "Christian  Sects  in  the  Nink- 
teenth  Century."  No.  12,  "PRiNaPLES  op 
Grammar,"  Slc. — Each  work  separate  25 cts.. 
or  lirindsomely  done  up  in  3  volumes,  in  cloih, 
forming  a  neat  series.    (To  be  continued.) 
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ToKEAH,  by  Sealsfield,  price  25  cents. 

Trimmer's  Geology  and  Miner aloot,  mm 
volume  of  large  Svo.,  extra  cloth,  many  cuta. 

Walpole's  Letters,  in  4  'large  vols.,  Ovo., 
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NOW  COMPLETE. 

THE    GREAT    SURGICAL    LIBRARY. 


A  SYSTEM  OF  SURaERY. 

BY   J.    M.    CHELIUS, 

Doctor  in  Medicine  and  Surgery,  Public  ProfeH%or  of  Ctnneral  and  Ophthalmic  Surgery,  etc.  etc.  in  tbt  Vm- 

vermtv  of  lieideibenr. 

TRANSLATED  FROM  THE  GERMAN, 

AND  ACCOMPAISLKD  WITH  ADDITIONAL  JNOTES  AiND  UB8ERYATI0N8, 

BY    JOHN    F.    SOUTH, 

Surgeon  to  St.  Thomas*  Hospiial. 
EDITED,  WITH  REFER KNCK  TO  AMERICAN  AUTHORITIES, 
BY  (Ji:ORGR  \V.  NORRIS.  M.  D. 
Now  complete  in  three  large  f^vo.  volumpn  of  iieorly  iweniy-iwo  hundred  pages,  or  in  17  nambera,  ai  50  ecafv. 

Thin  work  has  been  delayftd  beyond  the  lime  originally  promised  for  its  completion,  by  the  very  eztensiTt 
addition*  of  the  translator.  In  anwwer  to  numtfrous  inquirieB,  the  pulilishers  now  have  the  pleasare  to  pre- 
sent it  in  a  perfect  state  to  the  profession,  lorming  three  unusually  large  volumes,  bound  in  iLe  best  manner, 
and  sold  nt  a  very  low  price. 

This  cxcflluui  work  was  originally  published  in  Germany,  nnder  the  nnprctendlng  title  of"  Handbook  id 
the  Author's  Lectures."  In  pujs:ng.  however,  through  six  successive  editions,  it  has  gradually  incresMd 
in  ezieni  and  importance,  until  it  nowprcHcnts  a  complete  view  of  Europenn  Surgery  in  general,  bat  more 
^«pecially  of  Kiiffl-sh  praciico.  and  it  i«urknowl«»(lgL*d  lo  he  wi*ll  fitted  to  supply  the  admitted  want  of  a  com- 
plete and  extended  system  of  Surgery  in  all  its  bruuches.  comprehending  lioih  the  principles  and  the  pnic- 
tice  of  this  iiniH>rtaiit  branch  o(  the  healing  art.  Since  Heiijamin  liell-s  great  work,  first  published  in  17A 
and  now  almost  obsolete,  no  thorough  and  extended  work  has  appeared  in  the  English  language,  occupyiaf 
the  ground  which  this  is  so  well  calculated  lo  cover. 

The  fact  of  thin  work  lioing  carri<*d  to  six  editions  in  0(*rmany,  and  translsled  into  no  less  than  eight  lai^ 
gMOga,  is  a  wuiriRient  evidrnce  of  the  ahility  with  wh:ch  the  author  has  carried  out  his  arduous  dcsign- 

This  irauslaiiou  has  b<;en  undertaken  with  the  concurreiu-e  and  sanction  of  Professor  f^helius.  The  iran^ 
.ator,  Mr.  John  F.  ^fouth,  appears  to  have  devoted  himself  to  it  with  singular  industry  and  ardor,  and  lo  have 
brought  it  up  nlmosi  to  the  very  hour  of  pnhlicution  His  notes  and  addaions  are  very  numerous,  emliodymg 
;he  msnlts  and  opinions  of  ull  the  distinguished  surgeons  of  the  day,  Continental,  English  and  Anien'caa. 
The  leading  opinions  of  John  Hunter,  on  which  ModVrn  English  Surgery  ha^  been  raised,  are  acl  forth  ;  the 
results  of  the  recent  inicr«^«copical  discoveries,  especially  in  reference  to  inflammation,  will  be  found  here, 
together  with  many  other  practical  observations,  placing  the  work  on  a  level  with  the  present  state  of  Sur- 
gi'ry,  and  renflering  it  peciiliurly  useful.  l)oih  to  the  student  and  practitioner. 

The  laliors  of  the  English  translator  have  l>ecu  so  numerous  and  important,  that  there  is  but  little  which 
mnnins  to  be  supplied  dy  iIk*  American  editor.  Dr.  Ci.  W.  Norris  has  consented,  however,  lo  soperintead 
nil'  p^Mi-ii;.*  of  tliM  work|  tlimutfh  the  press,  and  supply  whatever  may  have  been  omitted  inrelanoniothe 
Sur«jienl  Literature  of  this  couniry. 

The  Medical  Pres.s  and  profe.'i.'^ion,  both  in  England  and  in  this  couniry,  have  joined  ia 
praise  of  thi.s^creai  work,as  bein^  more  complete  than  any  other,  and  as  afTording  a  compleie 
library  tif  refeience,  equally  .suiied  lo  the  praoiiiioner  anil  lo  the  .«:iudenl. 

'*  Wc  Mroiitfly  recoiTiin'Mid  all  «iirpriral  praot.iionors  and  itmlents,  who  have  not  yeilookH  into  this  work, 
to  providrilii-niJ«»'Iv«'R  with  it  witlioui  delay,  and  study  its  pages  diligently  and  dehbcrately."— TAf  £din- 
burt;[h  Medirnl  and  Surgirnl  JoKrunl. 

"JiidRiiiif  from  a  »  iitrin  niiMilit>roii!y  of  this  work,  we  have  no  liepitntion  in  saying  that,  if  the  rf^mainmg 
p«mion'*  rorrtspniul  ui  all  with  the  hrnt,  it  will  In*  hy  far  the  most  coinpIiMc  and  ■••M.MitifM'  .*^y»iein  of  Surgery 
:n  the  EnMrii>*li  liiiii;iiH<;e.  Wt*.  hnvi*.  indfi'd.  m'^*!!  no  work  which  so  nearly  coiner  up  lo  our  id**a  ol  what 
such  a  )>rodiiriioii  idiuuld  bi-.  l:otli  un  a  priuMioil  gimie  nnd  vla  a  work  ol  relerence.  as  ih:si  and  the  fact  that 
is  has  pU'*si.Ml  tiiniiigh  ?ix  itditicmft  in  rrrriiinny.  and  Ih-imi  traiifilntcd  into  iM-ven  InmrungeA.  in  !«i]Tficir*nily.con- 
vinnnt;  prool  of  iti«  value.  It  i!«  inrihoilu'iil  uiid  coiii.-:se,  ek-ar  und  urcuraie.  oiiiitliiii:  all  iiniiur  details  siid 
■fruiih  h»i  *.p'-cnIaiion*.  it  gives  us  alt  the  iiifonnation  we  want  in  the  shortest  and  siinpUst  ibrm  " — JAf  A<ir 
YorkJnurnalnf  Mf tl ir ine. 

"  Nor  do  the««.'  piirM  in  any  degre**.  fall  short  of  their  predecessors,  in  the  copionsne«s  and  value  of  their 
df*tails.  The  work  certainly  tonus  an  ulitio-tt  un!(|ue.  ciinofliiy  m  niedienl  liiHrniiire.  in  the  fact  that  ths 
mitr»orrup\  u  lar^-^r  poriitni  oi'  the  voluine  iiinn  the  original  mntlcr.  an  arrnnp'nfnt  which  is  constantly 
.ippnariiiff  to  rendtsr  the  text  subsidiary  to  it.«  illus'raiioiis  Siill  ili  <i  HiiiLnilnrity  of  manner  does  not  at  ail 
d«"tra»:i  iroin  tli'*  vnliie  of  tin*  nmitrr  tlni!*  «l:s;'o»»(l.''— 7'Aie  Lamlon  Mniiral  liazfttf. 

'•This  work  ha«  lont;l>een  the  chief  lext-LxKik  on  fSiirgery  in  the  principal  M'honis  of  fJermany,  and  the 
publieation  of  live  editions  of  it  in  the  oriK-nal  and  of  traiiMianoiis  into  no  l*-;*'*  than  ei^hi  fon-ign  Janifuage*. 
shows  the  high  estimation  in  which  if  is  held.  Asa  ••y^feniaiic  work  on  Surgery  it  has  nicr.ts  ol  ii  hinh  or«Jer. 
It  is  ra»'iln>dieal  nnd  eoneise — nnd  on  the  whole  i-lrar  and  aeciiraie.  The  ino«st  n<'ee«Miry  mrorniaiion  ii 
convey»'d  in  the  sliortisi  iiiut  sinipI'Mi  liirni.  Minor  dciailH  and  frirllew  speculatioiH  arc  avo:di'd.  It  is  in 
tact.  cxsiMitially  a  pructicul  biMtk.  Thi*  work  wnn  first  piihli»h(d  nearly  twenty  yeiir«(  ni;o.  and  iis  solid  and 
permanent  repuiaiion  has  no  (hmbt  led  Mr.  Smih  to  nndertnke  tlir  present  trnnidut.on df  iii>:  |:ui-»l  edaiuB 
ofit,  whieh.  we  nre  iiiibrin<^il.  la  s\'.\\  pa^-^ji-.;  ihroii}:h  the  pri'ss  in  (i<iiiiitny.  We  shoulil  havi>  iV-Jt  ai  ii  Ni*« 
u>  select  any  onv.  lieit»'r  q«ial:fied  tor  ihe  tH.<k  than  ihfirnnHJ.itorof  Oi'o'h  t*onipend:iini  of  Iluiiinn  :ind  (Com- 
parative l*iiiliolo;:.eal  An:<ioiny— a  siiri^eon  ici  n  lnrg«^  lioKpiial  whtK^  in<histry  ainl  opi-driiinuics  have 
enabled  him  to  keep  pace  wiih  tli»"  iinprovem»Mi'»  olhi"*  tini"'."  — 7A*'  Mfiirn-ChtrurKic'il  lift  i^tr. 

'*  AllhoKchCrri'.il  liriiam  ran  l>o:i<(«  ol  Borneo.  ihr'ii).j»i  skillful  lunreoiiM.  lioili  ainnti<.'Jier  past  and  h>'r  prf«<-iit 
prof»*>»'>or<of  iliat  hraneli  oi  niedieal  seiener.no  w(»rk  proi"es'*ingtolii:  n  eoinpleie  *\  jtU'iii  ot  ."»uii:«-r>  hiis  Ut  it 
publ:«hed  in  tin*  Hriti«li  ilonnn  oiiic  -(Mire  iliai  ol  i;(>i:.iainin  llfll.  now  more  than  half  a  eeiitur)  old. 

•'This  oiniss  (jn  in  l-'.nirloh  iiH-deal  literaiiir''  ;*»  fully  nnd  ssi'iifnetoriiy  »iippli«*d  l»y  lhetrans.ati|>nof  Pto»>»- 
■or  Cheliu-'s  Sy.<tem  of  Surg'-ry  hy  nai'iiiiiiiinii  eieelienily  fitted  for  llie  iuj.k.  lH>th  by  hi.<  exi«»ii*.ve  rfihlinf. 
:<nd  the  opportunities  of  practical  «xp«'rienee  wh  eh  he  ban  enjoyed  for  ye»ir»  a<«  jiuri;eoii  loone  of  our  Jar^Vsl 
iiieir(>|>ol>i^'ili<^'^P'''il*-  The  faetof  Tro'ehmtr  (  iie.'iu<<'.<*  work  having  been  translated  iiito:u>vi-n  laiii'iiase!'!* 
itn(Tlo;«'nl  \iu>i)\  of  the  esiiniaiion  in  whu  li  it  i«t  h«  id  by  our  coMCiii'iitai  brethren,  and  lh«*  Ilii:;!  >h  IIiIiihui. 
now  in  coiiTs»*of  niibliention,  Iof»«'s  none  ol  the  value  ot  the  or.-ginni  fn)mih«*  treninifut  reeeiv»-.i  at  the  hand* 
i>f  its  trauKlator.  The  note's  and  add:t;ons  of  l*n>!esj*or  Snub  are  nuineroii*.  nnd  contain  the  opinions  result- 
ing (roiii  his  va*.!  exjieficncc,  and  (rom  that  of  his  colleapii*'.*'— rAeilM/irw/  Tinws. 

"it  ably  nia.niains  the  charneter  formerly  given,  ol  be.injr  lh«»  "most  learned  and  complete  «ystematie 
ir^.atiwi'  now  extUMl  The  d<'seri|Uioiis  of  snrijiea!  ds'^as*-.-*.  nnd  indeed  the  whole  of  the  paiholugical  UcparV 
me.nt.  are  ni'iHt  v. ii liable. ''— 7'A*  E'hiihnrgh  Me/liral  awl  SuriiiralJournnl. 

(^  Persons  wishin:;  this  work  sent  lo  ihcm  hy  iDall,  in  pans,  can  rerait  Ten  Dollarf,  for 
which  a  s?t  will  be  !«ent  by  the  puhli.««hers,  free  of  postage,  together  with  a  copy  of  "The 
Medical  Mews  and  Library*'  for  one  year. 


LEA  &  BLANCHARira  PVBLTCATION& 


CIELHIS'S  SVRBERT.  CONTINUEB. 

The  publiihert  annex  a  very  condensed  ■ammary  or  the  contents  of  CheliutU  Surgery,  thowiDg 
the  complete  and  lysteniatic  manner  it  which  the  whole  fubject  ii  ditided  and  treated. 


I.  DiTiuoir. — Of  ii\/lammatioH. 

1.  Qf  injlammat ion  in  general, 

9.  Qf  name  pentliar  kimdt  qf  ii^flammaiiim. 

a.  Of  eryiipelai ;  6.  Of  bnrna ;  c.  Of  froet- 
bite  ;  d.  Of  boUi ;  <.  Of  carbuncle. 
S.  Qf  inflammation  in  tome  special  organs. 

a.  Of  inflammation  of  the  tonsili ;  6.  Of  the 
parotid  gland  ;  e.  Of  the  breaata ;  d.  Of 
the  urethra  ;  e.  Of  the  testicle ;  /.  Of  the 
muscles  of  the  loins;  g.  Of  the  nail 
joints ;  A.  Of  the  joints,  vis. 
a.  Ot  the  synovial  membrane ;  b.  Of  the  car- 
tilages ;  c.  Of  the  joint-ends  of  the  bones, 
viz.,  aa.  in  the  hip-joint;  bb.  in  the 
shoulder-joint;  cc.  in  the  knee-joint; 
and  so  on. 

n.  DiYisioir. — Diseases  whirh  consist  in  a  dis- 
turbance (f  physical  connexion. 

I.  Fresh  solutions  of  continuity. 
A.  Wounds  ;  b.  Fractures. 
n.  Old  solutions, 

▲.  Which  do  not  suppurate,  tix. 

a.  False  joints ;  h.  Hare-lip  ;  c.  Cleft  in 
the  soil  palate ;  d.  Old  rupture  of 
the  female  perineum. 
1.  Which  do  suppurate,  vix. 
L  Vieers. 

1.  In  general. 
S.  In  particular. 

a.  Atonic ;  6.  Scorbutic ;  e.  Scrofulous ; 
d.  Gouty  ;  e.  Impetiginous ;/.  Vene- 
real ;  g.  Bony  ulcers  or  caries. 
VLFlMtulas. 

a.  Salivary  fistula ;  6.  Biliary  fistula ;  c.  FkcsI 
fistula  and  artificial  anus;  d.  Anal  fistula ; 
e.  Urinary  fistula. 
m.  Solutions  qf  continuity  by  changed  position  qf 
parts. 
1.  Dislocations;  3.  Ruptures;  3.  Prolapses; 
4.  Distortions. 
IT.  Solutions  tff  continuity  by  unnatural  distention. 
1.  In  the  arteries,  aneurisms ;  2.  In  the  veins, 
varices;  3.  In  the  capillary-vascular  sys- 
tem, teleangiectasis. 

m.  Divnioir. — Diseases  dependent  on  the  unna^ 
tural  adhesion  of  parts. 

1.  ABchyloeis  of  the  joint-ends  of  bones}  2.  Grow- 
ing together  and  narrowing  of  the  aperture 
of  the  nostrils;  3.  Unnatural  adhesion  of  the 
tongue ;  4.  Adhesion  of  the  gums  to  the 
cheeks;  6.  Narrowing  of  the  oesophagus;  6. 
Closing  and  narrowing  of  the  rectum ;  7. 
Growing  together  and  narrowing  of  the  pre- 
puce ;  8.  Narrowing  and  closing  of  the  ure- 
thra ;  9.  Closing  and  narrowing  of  the  vagina 
and  of  the  mouth  of  the  womb. 


IV.  Division. — Foreign  bodies. 

1.  Foreign  bodies  introduced  externally  into 

organism, 

a.  Into  the  nose ;  h.  Into  the  mouth  ;  c.  Into 
the  gullet  aud  iotestioal  canal  j  tf.  into 
the  wind-pipe. 

2.  Foreign  bodies  formed  in  our  organism  by  the 

retention  qf  natural  products. 

A.  Retentions  in  their  proper  cavities  and 

receptacles. 

a.  Ranula ;  b.  Retention  of  urine ;  c. 
Retention  of  the  fictus  in  the  womb 
or  in  the  cavity  of  the  belly,  (Cesa- 
rean operation,  section  of  the  pubic 
symphisis,  section  of  the  belly.) 

B.  Extravaaauon  external  to  the  proper  cavi- 

ties or  receptacles. 

a.  Blood  swellings  on  the  heads  of  new- 
born children;  6.  Ha^matocele;  e. 
Collections  of  blood  in  joints. 

3.  Foreign  bodies  resulting  from  the  accumtdation 

qf  unfuUural  secreted  fluids. 
a.  Lymphatic  swellings ;  b.  Dropsy  of  joints ; 
c.  Dropsy  of  the  boriw  mucosa  ;  d.  Wa^ 
ter  in  the  bead,  spina  bifida ;  e.  Water 
in  the  chest  and  empyema;  /.  Dropay 
of  the  pericardium  ;  g.  Dropsy  of  th« 
belly ;  h.  Dropsy  of  the  ovary  ;  i.  Hy- 
drocele. 

4.  Foreign  bodies  produced  from  the  concretion  qf 

secreted  fluids. 

V.  Division. — Diseases  which  consist  in  the  do- 
generation  of  organic  parts,  or  in  the  produe* 
Hon  qf  new  structures. 

1.  Enlargement  of  the  tongue ;  2.  Bronchocele ; 
3.  Enlarged  clitoris;  4.  Warts;  6.  Bunions; 
6.  Horny  growths ;  7.  Bon  v  growths ;  8.  Fun- 
gus of  the  dura  mater ;  9.  Fatty  swellings ; 
10.  Encysted  swellings;  11.  Cartilaginous 
bodies  in  joints ;  12.  Sarcoma;  13.  Medul- 
lary fungus ;  14.  Polypus ;  15.  Cancer. 

VI.  Division. — Loss  qf  organic  parts, 

1 .  Organic  replacement  qf  already  lost  parts,  es- 

pecially of  the  face,  according  to  the  Taglia- 
cotian  and  Indian  methods. 

2.  Mechanical  replacement :  Application  of  arti- 

ficial limbs,  and  so  on. 

VII.  Division. — Superfluity  of  organic  parts. 

VIII.  Division.— >D/s|j/ajf  of  the  elementary  ma- 
nagement  qf  surgical  operations. 

General  surgical  operations :  Bleeding,  cupping, 
application  of  issues,  introduction  ofsetons, 
amputations,  resections,  and  so  on. 

^nd  One  Hundred  and  Sivenly-Uve  M^a^et 

9f  Mndex. 


DRUITT'S  SUROERT.    New  Edition— Now  Beady,  1847. 

THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  SURGERY. 

r,  Y    UOBKRT    DRUITT,    Surgeon. 

THIRD  AMERICAN  FROM  TriK  THIRD  LONDON  KDITION 

Illustrated  with  one  hundred  and  flfiy- three  wood  engmvings. 
WITH  NOTKS  AND  COMMENTS, 
BY  JOSHUA  ».  FLINT,  M.D.  M.  M.,  S.S.,  fte.fre. 
In  One  rery  neat  Octavo  Volume  of  cftouf  Fite  Jiundrtd  and  Fyt^  Va^«a,  -^ 

In  presenting  this  work  to  ilie  American  pmresiion  for  the  ih'vrd  \\TOe,V>u\  \vvv\fi  nvtw\\«  wA>»  '*^*^^^2^ 
k  a  eonif noai Jon  of  fAe/aror  wiih  wiiich  it  has  bean  njceiT«d.   TYva  nuctAa  ^V\<J^'^%>n*  XT^V^^  V\v*>»'«>^ 
hwor,  if  eiearneMB,  coneisenea»,  and  its  ezeellent  aTrangement,  w\\\  eon\\fi^«  >o  xeiv^^t  \v  >>v«  SrS«««^  • 
Asolr  of  the  afurfsni  who  wiehee  in  a  raoderaie  apace  a  eumiinnd  of  the  vt«iM^\)K«ia  aeaAi  ^x«^^  «ax«oo»^^  ^ 
J'Tkia  work  merite  our  warmeat  commendations,  and  we  •irongV'T  lecotfiTOenA  \x  u*  'foiiu*'* 
o^mble  digOM  of  tbm priaeipleo  and  praclica  of  mwlein  Surse^.^-lAeAia^  Qaaatta. 


LEA  h  BLANCHARD'8  PUBLICATI0K8. 


VOW  &8ADT. 

ROYLE'S  MATERIA  MEDICA. 

MATERIA  MEDICA  AND  THERAPEUTICS; 

INCLUDING  THE  PREPARATIONS  OF  THE  PHARMACOFCEIAS  OF  LONDON 
EDINBURGH,  DUBLIN,  AND  OF  THE  UNITED  STATES. 

WITH    MANY    NEW    MEDICINES. 

BY  J.  FORBES  ROYLE,  M.D.,  F.  R.S., 

Lm»  of  dM  Medical  BuJT  in  the  Bengml  Anny,  Profesaor  of  Maieria  Medica  and  l%erapeniica,  KJng^  CU 

lege  London,  Ae.  fte. 

EDITED  BY  JOSEPH  CARSON,  M.D., 

Prefsaior  of  Materia  Medica  In  the  Philadelphia  Cbllege  of  Pharmacy,  Ac.  A;e. 

WITH  NINETY-EIGHT  ILLUSTRATIONa 
O:^  JtM  %petfdiwea  mf  ths  Oif  a,  H^  mmi  mf  ih*  JFmp^r  •r  Ul^tiimrf  mm  ««jrf  ^mf* 

In  one  large  octavo  volume  rf  ohoui  700  pagu. 
Being  one  of  the  moet  beantlfnl  Medical  works  publislied  In  this  Country. 

The  want  haa  been  felt  md  eipreaaeH  for  eome  time,  of  a  text-book  on  Materia  Medica,  whid 
■hoold  occupy  a  place  between  the  encrclopcdic  workt,  inch  aa  Pereira,  and  the  smaller  treatiie 
which  present  but  a  meagre  outline  or  the  science.  It  has  been  the  aim  of  the  aothor  of  tiM 
present  work  to  fill  thii  vacancy,  and  by  the  use  of  method  and  condensation,  he  has  been  enablec 
to  present  a  volume  to  the  student,  which  will  be  found  to  contain  what  ii  necessary  in  a  completi 
and  thoroof  h  text-book  of  the  science,  encumbered  with  few  unnecessary  deuils.  The  editor 
Dr.  Canon,  haa  added  whatever  was  wanted  to  adapt  it  to  the  Pharmacopaia  of  the  United  Sutet 
and  it  ia  confidently  recommended  to  theatudent  and  practitioner  of  medicine,  aa  one  of  the  bet 
teit-books  on  the  anbfedt,  now  before  the  profesaioa^-^reat  care  baa  been  taken  in  its  raechanica 
ffxecution. 

In  rofard  to  the  yet  more  essentia)  onnstitoent,  the  literary  portion  of  the  work,  no  one  who  ii 
acquainted  with  the  former  productions  of  Dr.  Royle,  will  doubt  that  the  author  has  dischar{red  hi 
duties  with  the  aame  akill  as  the  artist.  The  work  is,  indeed,  a  mostTaloable  one,  and  will  fill  n] 
an  important  gap  that  oziated  between  Dr.  Pereira'a  most  learned  and  complete  aystem  of  matehi 
medica,  and  theclaaa  of  productiona  at  the  other  extreme,  which  are  necessarily  imperfect  froo 
their  amall  extent. — Britith  and  Foreign  Medical  Review, 

Of  the  varioua  worka  that  have  from  time  to  time  appeared  on  materia  medica  on  the  plan  of  thi 
one  before  ua,  there  ia  none  more  deaenring  of  commendation.  From  the  examination  which  w( 
have  given,  accuracy  and  perspicuity  acem  to  characterize  it  throughout,  aa  a  text  book  of  re^e^ 
<>nce  to  the  atudent  of  medicine,  and  eapecially  of  pharmacy  in  ita  application  to  medicine,  aoM 
could  be  better. 

We  think  that  every  one  who  can  afford  it  ahould  possess  this  excellent  work,  the  valoe  of  whici 
haa  been  greatly  enhanced  by  the  additiona  of  Dr.  Caraon,  than  whom  no  one  ia  more  competen 
to  eatimate  it  correctly,  and  to  make  auch  additiona  aa  may  adapt  it  for  American  service. — 7*^ 
Medical  Examiner. 


BARTLETT  ON  FEVER— New  and  nmch  impra?ed  edition,  now  ready. 

THE  HISTORY,  DIAGNOSIS  AND  TREATMENT 

OF  THE 

FEVERS  OF  THE   UNITED  STATES. 

BY  ELISHA  BARTLETT,  M.D., 

Profeavorofthe  Theory  and  Practice  of  Medicme  in  the  Medical  DepRrtmtriiiof  Transylvania  Univerwiiy.  Ac 

In  One  Octavo  Volume  pf  Five  Hundred  and  Fifty  Pages f  beautifully  printed  and  Birongiy  bound. 

Thia  ia  rather  a  new  work,  than  a  accond  edition  of  Dr.  Bartlett*8  well  known  treatiae  on  Ferera 
Besidea  iium«roua  iniprovements  in  the  portion  devoted  to  Typhoid  and  T>'phns  Fevers,  the  wholi 
of  that  deacriptive  or  Periodical  and  Yellow  Fevers,  amounting  to  about  half  the  volume,  ia  addi' 
tional.  The  work  ia  now  what  it  purporta  to  be,  a  aystematic,  complete  and  methodicaJ  treatiae  si 
the  Fevers  of  the  United  States. 


NOW     READY. 

A    MANUAL    OF    TOXICOLOGY. 

EDITED  l^X  lei.  ^-  ^^YeYYX:^,^,^^.,^*. 
A  owe  orfow  »oJi»iiie,  to  rnoteK  tka  **MKdkaX  3unx^^ 


a  1 


SPECIMEN  OF  CUTS  IN 

ROYLE'S; 

HATEBIA  MEDICA  AND  IHEBAFECTICS 


1U  UA  &  BLANCRAKD'S  PUBLICAT 

CHURCHILL'S  MlBWIFERl 

ON  THE  THEORY  AND  PRACTICE 


WITH  NOTES  AND  ADDITIOI 
BY  ROBERT  Hl;ln'0^.  M.D„ 

net  Milcrii  Krdira  ■ml  Oeiunl  TtMnpriiiLri,  iiiit  ktrmarlf  at  01 
muuICb.iarcBiulka  Jea(iHnU'diHl''i>ilrCEari'nitaUilpaiBi  P 
Mrilird  SH'irif.  kc.  lie. 


WITH  ONE  HURDHEU  ANU  TWBKTl-EKiHT 


•lI'lt-piMCHini  H 


8ENEIIAL  PATHSLOer  AND  THEI 

ETIOLOGY.  NOSOLOGY.  SEMEIOLOGy.  DIAGNOSI 
BY   CHARLES  J.  B.  WILLIAMS,  M. 

F'lnwaMhFRnTllCBllrlrtlfPhH'Fil.lll    I 

Btemmt  Jmitrltmm,  fr»m  Ifc*  Witmmt  Xaatei 

wtTH  Norm  ANU  AUuirioNs,  by  MBRBUITH 


Uw  cMi«  mm  diAcidi  ihiii  in  iku  of  Bid 
mcnlor  nip<<irina  Un  siihin  ■  few  rnn  M 
M'iji*  ■ml  R  Kiir,  wnh  dm  nrnri^i  n  ihi  ui| 
CUuirhiil  Iiu  1>r«B  rcKrisd  ihr  hannrar  pir 

i»BnureiinB>b-iiH.— niffhr  r>riJiii.rM 

"WILLUMS'  PATHOLOGY 

NKW  AND  IMrnOVmt  EIHTION.  BROUGHT  UP  TO  114 

PR1NCIPLES"0F   Ml 


PEREIRA'S   MATERIA 

With  nearly  Three  Hundred  Enirravl 

ANEW    EDITION,  LATELY  PU8L 

THE  ELEMENTS  OF 

MATERIA  MEDiCAJND  THEf 

THE  NATURAL  HISTORY,  PRKPARAtIoN,  PI 

SITIO.V,  KFFEUTS  AND  USES  OF  Ml 

BY  JONATHAN  PEREIRA,  M.D.,  F.I 


WrrH  NOTES  AND  AUDITIONS  BY  JUSEPU 

Tolumr*.  iKI>ni,eoiiMiniii(PiriE«ii  llnnilKil  T»ry  line  pans,] 

t>eTenty-aT<  IVood-eiiM 
TcfopiFftJi  of  materli  mcdiea^fbrtueh  iimay 


if  full 


Jcuu 


■diipiFd  ■>  ■  leii.lnBk  br  ■ndaiiii.or  a  work  of  ffcrrnpa  for  Ilia  adi 
dintull  i»  p»frt  whhout  pralt  Tha  friitui  hHa  parlbnni^  kin  laalt  1  ' ' 
nm  Ain'rlpnnadiiinn.  lir  adHfiKd  ihn  I'hiirniai'npisliLar  Ihr  Itnitr4,1 

■riHian  he iliaic ihi-npcuiie  tinpkwnMni.Hvetiierwiih  iIif  incKleaf  < 

""'''''«»•  »wilieiiiM  of  Id*  Uaciid  !<iati;»h-ir»f-' — "■ -'■ 
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WnJMUra  AVATOHT.    New  Edltfam— How  Beady,  1847. 

A  SYSTEM    OF    HUMAN  ANATOMY, 

GENERAL  AND  SPECIAL. 

BY  ERASMUS  WILSON,  M.D., 

Lecturer  on  Anatomy,  London. 
THIRD  AMERICAN  FROM  THE  LAST  LONDON  EDITION. 

EDITED  BY  P.  B.  GODDARD,  A.M.,  M.D., 

Profestor  of  Anatomy  inihe  Franklin  Medical  CoWfgaof  Philadelphia. 

WITH  TWO  HUNDRED  AND  THIRTY-FIVE  ILLUSTRATIONS  BY  GILBERT. 

Jto  0m»  »«««MAil  0€im90  ••!•«•«  mf  mwr  &MX  MfMTMfMJiMf  Mtmrg'0  JFmff 

Strongly  Bound  and  sold  at  a  low  price. 

Since  the  publication  of  the  aecond  American  edition  of  thia  work,  the  author  haa  issued  a  imw 
edition  in  London,  in  which  he  has  carefully  brought  up  his  work  to  a  level  with  the  most  advanced 
Mienee  of  the  day.  All  the  elementary  chapters  have  been  re-written,  and  such  alterations  made 
through  the  body  of  the  work,  by  the  introduction  of  all  new  facts  of  interest,  illustrated  by  appro- 
priate engravings,  aa  much  increase  ita  value.  The  present  edition  is  a  careful  and  exact  reprint 
of  the  Engliah  volume,  with  the  addition  of  such  other  illustrations  as  were  deemed  necessary  to  a 
more  complete  elucidation  of  the  text;  and  the  insertion  of  such  of  the  notes  appended  to  the  last 
American  edition  as  bad  not  been  adopted  by  the  author  and  embodied  in  his  text ;  together  with 
•neb  additional  information  aa  appeared  calculated  to  enhance  the  Talue  of  the  work.  It  may  alao 
be  stated  that  the  utrooat  care  haa  been  taken  in  the  reviaion  of  the  letter-preaa,  and  in  obtaining 
clear  and  diatinct  impreaaions  of  the  accompanying  cuts. 

It  will  thus  be  seen,  that  erery  effort  haa  been  used  to  render  thia  teit-book  worthy  of  a  eon- 
tlnoance  of  the  grbat  fkvor  with  which  it  baa  been  everywhere  receiTed.  Profeaaora  deairoua  of 
adopting  it  lor  their  daasea  may  rely  on  being  alwaya  able  to  procure  editions  brought  up  to  the 
dmy. 

This  book  ia  well  known  for  the  beauty  and  accuraey  of  its  mechanical  execution.  The  prevent 
edition  ia  an  improvement  over  the  laat,  both  in  the  number  and  clearneas  of  its  embellishments ; 
it  ia  bound  in  tne  best  manner  in  strong  sheep,  and  ia  sold  at  a  price  which  renders  it  aoceaaible 
to  all. 


CONDIE  ON  CHILDREN.— New  Edition,  1847. 

A  practicaiTtreatise  on 

THE    DISEASES     OP     CHILDREN. 

BY  D.  FRANCIS  CONDIE,  M.  D, 

Fellow  of  the  College  of  Physicians,  Member  of  the  Amerieaa  Philosophical  Society,  &c. 

In  one  large  octavo  volume. 
ItT*  The  pablishers  would  particularly  call  the  attention  of  the  profesaion  to  an  examination  of  this  hook. 

In  the  preparation  of  a  new  edition  of  the  present  treatise,  every  part  of  the  work  haa  been  subjected  to  a 
eareful  reviaion;  several  portions  have  been  entirely  rewritten;  while,  throughout,  numerous  addiiiona 
have  been  made,  comprising  all  the  more  important  facts,  in  reference  to  the  nature,  diagnosis,  and  treat- 
ment of  the  diseasoii  of  infancy  and  childhood,  that  have  been  developed  since  the  appearance  o(  the  first 
edition.  It  is  with  some  confidence  that  the  author  presents  this  edition  as  embracing  a  full  and  connected 
view  of  the  actual  state  of  the  pathology  and  therapeutics  of  those  affections  which  most  usually  occur  be- 
tween birth  and  puberty.  , 

Thia  work  ia  being  introduced,  as  a  text-book,  very  extensively  throughout  the  Union. 


CHURCHILL  ON  FEMALES.    New  Edition,  1847.— Now  Ready. 

THE  DISEASErOF  FEMALES, 

INCLUDING  THOSE  OP  ' 

PREGNANCY  AND    CHILDBED. 

BY  FLEETWOOD   CHURCHILL,  M  D., 

Author  of  "Theory  and  Practice  of  Midwifery,"  &c.  &e. 
FOURTH  AMERICAN,  FROM  THE  SECOND  LONDON  EDITION,  WITH  ILLUSTRATIONS 

EDITED,    WITH    NOTES, 

BY    ROBERT     M.     HUSTON,    M.D.,  &c.&o. 

In  ona  volume,  8vo. 

The  rapid  sale  of  three  editions  of  this  valuable  work,  stamp  it  so  emphatically  with  the  approbation  of  the 
professionof  this  country,  that  the  publishers  in  presenting  a  fourth  deem  it  merely  m^cesnary  to  observe, 
that  every  care  has  been  taken,  by  the  editor,  to  supply  any  deficiencies  which  may  have  existed  in  former 
impressions,  and  to  bring  the  work  fully  up  to  the  date  of  pubiicationb 
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LIBRARY  OF  OPHTHALMIC  MEDICINE  AND  SURGERY. 

Brought  up  to  1847. 

A  TREATISE  ON  THEIiSEASES  OF  THE  EYE. 

BY    W.    LAWRENCE,   F.R.S., 

8argeon  Extraordinary  to  the  Qaeen«  Sargeon  to  8t.  Bartholomew's  Hospital,  dec.  6cc 

A    NEW    EDITION, 
With  many  Mod{fieationt  and  Additicns^  and  the  Jntroduethn  qf  nearljf  two  hundnd  lUug^miions, 

BY    ISAAC    HAYS,    M.  D., 

Surgeon  to  Wills'  Hoipital,  Physician  to  the  Philadelphia  Orphan  Aiylnm,  dte.  &o. 

In  one  very  large  ociavo  ▼olome  of  near  900  pagesi,  with  twelve  platea  and  nnmeioua  wood-eata  throngh 

the  text. 

This  is  among  the  largest  and  most  complete  works  on  this  interesting  and  difficult  branch  of  Medica 
SScinnre. 

The  early  call  for  a  new  edition  of  this  work,  confirms  the  opinion  expressed  by  the  editor  of  its  gieat 
value,  and  lia*  dtimiilnivd  him  to  ren<>wi>(J  oxeritoiis  lo  increase  its  usefulness  to  practitioiierv.  by  incorporsl-^ 
ing  in  it  the.  rt-cvni  improvements  in  Opliihnlniic  rraciice.  In  availing  himself,  as  he  has  freely  done,  of 
the  ohservtitinn*  nnd  iliMcoveries  of  his  frllow-liiiiori-rs  in  the  snnie  fiuld,  the  editor  has  endvavorrd  to  do  "O 
with  eniir*'  fHirncfiK,  nlwny!<  nwardini?  to  othe ri«  what  justly  hcloiii;!)  to  them.  Among  the  addition*  which 
have  been  made,  inhy  !»••  miiired,— the  description"*  of  severnl  nfleclions  not  treated  of  in  the  original.— «• 
account  of  the  cniopiric  examination  of  the  eye.  und  of  its  employ  raeni  as  a  means  of  diagnosia.— one  hun- 
dred and  seveiiiy-six  illusirations.  some  of  ili'em  Irom  original  drawing*,— and  a  very  full  index.  There  have 
al*o  bt.MMi  iniToilin'<'<l  in  the  sovi-ral  rhaptornou  the  more  important  diseases,  the  results  of  the  ediior'sex- 
perience  in  reirard  to  thi'ir  trentment.  di-rived  frtiin  more  than  ft  quarierof  a  century's  devotion  to  the  subject, 
during  all  of  which  period  he  has  heen  attached  to  some  puhlic  institution  for  the  treatment  of  diseases  oftht 
eye. 

''  We  think  there  are  few  medical  works  wh'ch  could  he  so  generally  acceptable  as  this  one  will  be  to  the 
profession  on  tins  side  ot  the  Ailaiiiic.  The  want  of  a  sciemifie  and  comprehensive  treatise  on  Diseaiea 
of  the  I've,  has  heen  much  deplored-  That  want  is  now  well  supplied.  Tlie  reputation  of  Mr.  Lawrence 
us  an  Onuliiit  has  heen  long  since  fully  established;  his  great  merit  consists  in  the  clearness  of  his  style 
and  the  very  priietinil  trmir  of  his  work  The  value  of  the  present  henutifnl  edition  is  greatly  enhanred, 
by  the  imporiaiu  aiiditions  moiie  by  the  editor.  Dr.  liays  has,  for  nearly  a  quaner  of  a  century,  been  con- 
nected with  public  institutions  for  th«  Ireaiinent  of  Diseases  of  the  Kyc.  and  few  men  have  made  better  in^ 
provemeiit  than  he  has.  of  such  extensive  opportunities  of  acquiring  a  thorough  knowledge  of  the  subject 
The  wood-cut4  are  rxerutod  with  great  arrurucy  and  beauty,  aud  no  man,  who  pretends  to  treat  diseaset 
of  the  eye,  should  be  withuut  this  work.''— Lancet. 


JQNES  ON  THE  EYE,    Now  Ready. 

THE  PRINCIPLKS^AND  PRACTICE 
OF  OPHTHALMIC  INIEDICINE  AND  SURGERY. 

By  T.  WHARTON  JONES,  F.R.S.,  &c.  &c. 

WITH    ONE    IIITNDRED    AND   TKN    ILIiUSTRATIONS. 

EDITED  BY  ISAAC  HAYS,  M.D.,  &c. 

In  One  very  neat  Volume^  large  rrnjnl  1 2,'7?n.,  with  Fnur  PlnfeSj  plain  or  colnredj  and  Ninety' 

eight  well  executed  JV(Hjd-cuts. 

This  volnmo  will  h<»  found  to  occtipya  place  hithrrto  unfilled  in  this  department  ofmcdical  science. 
The  aim  of  the  author  has  been  to  produce  a  work  which  should,  in  a  moderate  comjtuss,  be  sutS- 
cient  to  serve  both  as  a  convenient  text-book  for  students  and  as  a  l)Ook  of  reference  tor  practitioners, 
suitable  for  those  who  do  not  desire  to  possess  the  larger  and  pncyclop.rdic  treatises,  such  as 
Lawreiice-s.  TIiih,  by  great  attention  to  conciseness  of  e.xpression..  a  strict  adherence  to  nrran^re- 
tnent,  and  the  aid  of  numerous  pictorial  illustrations,  he  has  been  enabled  to  embody  in  it  the  prin- 
ciples of  ophtlmlniic  medicine,  and  to  point  out  their  practical  application  more  fully  than  has 
heen  done  in  any  other  publication  of  the  same  size.  The  execution  of  the  witrk  will  lie  found 
to  correspond  with  its  merit.  The  illustrations  have  been  engraved  and  printed  with  care,  and  the 
wh<de  is  confidently  presented  as  in  every  way  worthy  the  attention  of  the  profession. 

••  We  nre  eonfulent  ihat  the  reailer  will  fiml.  on  peni*nl.  that  the  execution  of  the  work  nmply  fulfiN  the 
promu»e  «»f  tlie  pn-inoe.  nnd  siihtaiiift.  in  every  pfniii.  the  nlriMuly  hiph  repiitntion  of  ilie  iiutlior  n»  un  opiiiliai- 
inie  i>iir};i'()ii.  n.*  well  ;i.<«  n  phyRiolo;T>ct  and  pmliologisl.  Tlie  lM>ok  is  eviilently  the  resnli  of  inneb  IhUit  niul 
reiti:ir<'lj.  nnd  Ims  Ihmmi  wrilU-n  willi  tin.*  gri-afisi  rar«'  nml  Hlteniion  ;  it  pos^oHses  tliai  be^t  (pinliiy  whuti  a 
'i-'iieriil  work.  Iike>  :i  -yKteni.  or  innnual.  can  ^liow.  viy  :— the  quality  of  having  nil  ilie  miUernil*  wheniTV>- 
•■ver  derived.  «oiliort.»i]<:hly  wroi]|;}|i  up.  and  difrepted  in  the  nnthor'H  mind,  as  to  come  forthwith  ihe  freshness 
nnd  iiiipT»ss-.vini->«s  oinn  one  nnl  prodticfion.  Wf  rejrret  ilmi  we  have  received  ihebrMik  at  w>  latf  i  per  ihI 
:i*  preelud'''*  our  ifiv  injf  more  ihaii  a  mere  notiee  of  it.  nn  nllhongh  e^!«entinlly  nnd  necei«!»arily  a  roinp.:nt  oa, 
■'  e(iniaiii!«  iniiny  tliiiir-  wli'cli  we  cbniilJ  be  pind  lo  reproduce  in  our  pnires,  whether  in  the  Kliupe  of  new 
I'nTliolog.eal  views.  <ii  old  errors  correeteil.  or  of  sound  prinnplesof  prnnice  in  donbifnl  cases  ctearl)  laid 
down.  Hut  we  dare  say  nunt  ofoar  P-adrr^  will  Khortly  hsve  an  opportunity  of  iieeinir  1he.«»e  in  ihelioriif  nnl 
Mieiiliiy.  UN  wc  enieriaiii  little  doubt  that  this  bouk  will  become  what  its  author  hoped  it  might  become,  a 
mannnl  for  <1aily  reierence  and  roiiMultniiun  by  the  Ktudi'ul  and  the  general  nraciitioner.  The  wurk  is 
marked  by  tliai  correctness,  clearness  and  precision  of  style  which  diatinguish  ail  the  produclions of  ibiO 
learned  author.^— JAci/nmA  and  Foreign  MtdieeU  iUvuw. 
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NEW  AND  COJVIPLETE  MEDICAL  BOTANY. 

NOW   READ  r. 

MEDICAL~BOTANY, 

OR,  A  DESCRIPTION  OF  ALL  THE  MORE  IMPORTANT  PJiANTS  USED  IN 
MEDICINE,    AND    OF    THEIR   PROPERTIES,    UbES    AND 

MODES  OP  ADMINISTRATION. 

BY  R.  EGLESFELD  GRIFFITH,  M.D.   &c.  Ac. 
In  one  large  octavo  volume. 

With  ahotU  three  hundred  and  Jifty  Uluttratwtu  on .  Wood. 
9peciraent  of  the  Cuii  are  annexed,  bat  not  to  well  printed  aa  in  the  work,  nor  on  a«  good  paper. 

This  work  is  intended  to  supply  a  want  long  felt  in  this  country,  of  some  treatise  pirsent- 
ing  correct  systematic  descriptions  of  nacdicinal  plantf^,  accompanied  by  representations  of 
the  most  important  of  them,  and  furnished  at  a  price  so  moderate  as  to  render  it  generally 
accessible  and  useful.  In  the  arrangement,  the  author  has  treated  more  fully  of  those 
plants  which  are  known  to  be  of  the  greatest  importance;  and  more  especially  of  such  as 
are  of  native  origin;  while  others,  rarely  used,  are  briefly  noticed,  or  mentioned  only  bj 
name.  In  all  cases,  the  technical  descriptions  are  drawn  up  in  accordance  with  fhe  existing 
state  of  botanical  knowledge,  and  in  order  that  these  maybe  fully  appreciated,  even  by  those 
not  proficients  in  the  science,  an  Introduction  has  been  prepared,  containing  a  concise  view 
of  Vegetable  Physiology,  and  the  Anatomy  and  Chemi^try  of  Plants.  Besides  this,  a  very 
copious  Gloshart  of  botanical  terms  has  been  appended,  together  with  a  most  complete 
IsuEX,  giving  not  only  the  scientific  but  also  the  common  names  of  the  species  noticed  ia 
it.  It  will  thus  be  seen  that  the  work  presents  a  view  not  only  of  the  properties  and  medical 
virtues  of  the  various  species  of  the  vegetable  world,  but  also  of  their  organization,  compo- 
sition and  classification. 

To  the  student,  who  is  really  anxious  to  study  Botany  for  those  great  purposes  which  ren- 
der it  so  necessary  for  the  advancement  of  Medical  Science,  and  who  has  been  obliged  to 
rest  satisfied  with  such  imperfect  knowledge  as  can  be  obtained  from  the  different  treatises 
on  the  Materia  Medica,  the  present  work  will  be  of  great  atility  as  a  text-book  and  guide  in 
bis  researches,  as  it  presents  in  a  condensed  form,  all  that  is  at  present  known  respecting 
those  vegetable  substances  which  are  employed  to  alleviate  suffering  and  to  minister  to  the 
wants  of  man.  It  will  also  be  found  extremely  convenient  to  practitioners  through  Che 
country,  who  are  anxious  to  obtain  a  knowledge  of  the  medicinal  plants  occurring  in  their 
vicinity,  and  who  are  unwilling  to  procure  the  scarce  and  high-priced  works  which  are  at 
present  the  only  ones  accessible  on  this  important  branch  of  medical  knowledge. 

Great  care  has  been  taken  to  render  the  mechanical  execution  satisfactory. 


'^•N^X.^.^N    -  ".^Vy*  - 


NOW     PREPARING, 
AND    TO    BE    READY    AT    AN    EARLY    DAY, 

AN  ANILTTICAL  COHPEND  OF  THE  TARIODS  BRANCHES  OP 

PRACTICAL  MEDICINE,  SURGERY,  ANATOMY, 

MIDWIFKRY,  DISEASES  OF  WOMEN  AND  CHILDREN, 
Jflaitria  Jtfedicn  and  TherapeuiicH^  Physiology ^ 

(DIBILSXfillQ^Iia?   iiS?IQ)    ir]Sli^I&lfiA(D'^. 

By  JOHN  NEILL,  M  D., 

Demonstrator  of  Anatomy  in  the  Univertity  of  Pennaylvanim,  and  9 

F.    GURNEV    8MITH,    M.D., 

Leetarer  on  Physiology  in  the  Philadelphia  AHOciation  for  Medical  Initniction. 

To  make  one  large  royal  Duodecimo  volume,  with  nameroas  Tllostrations  on  Wood. 

It  is  the  intention  of  the  publisher!  to  page  this  work  in  lach  a  way,  that  it  can  be  done  up  iv 
separate  divieions,  and  in  paper  to  go  by  mail;  no  one  di?iiion  will  coat  over  50  cents,  thos  pro* 
seDting  separate  MANUALS  on  the  various  branches  of  medicine,  and  at  a  very  low  price. 


NEARLY   READY. 

BURROWS  ON  DISORDERS  OF  CEREBRAL  CIRCULATION, 

AND  ON  THE  CONNECTION  BETWEEN  AFFKCT^OH«»  OY  TML  \S\J.>.x:5^  ^.:;^\^ 

DISEASES  OF  THF.  11F.KKY. 

it  one  neat  oetaoo  oofume,  loitk  six  eoUntd  ploin* 


■ncim  n  m  numinm 
GBIFFITH'S  MEDICAL 
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THE  GEEAT  MEDICAL  LIBfiAEX. 

THE  CYCLOP/EDIA  OF  PRACTICAL  MEDICINE ; 

COMPRISmO  TREATISES  ON  THE 

NATURE  AND  TREATMENT  OF  DISEASES, 

MATEEIA  MEDICA  AND  THERAPEUTICS, 

DISEASES  OF  WOMEN  AND  CHILDREN, 

MEDICAL  JURISPRUDENCE,  &c.  &c. 

XDim  BT 

JOHN  FORBES,  M.  D.,  F.  R.  S., 
ALEXANDER  TWEEDIE,  M.D.,  F.R.S., 

▲JTD 

JOHN  CONOLLY,  M.D. 

REVISED,  WITH  ADDITIONS, 

By  ROBLET  DUNGLISON,  M.  D. 

tbh  woek  n  vow  cokplbtx,  avd  FOftm 

FOUR  LARGE  SDPER-ROYAL,  OCTAVO  VOLUMES. 

CONTAINING  THIRTY-TWO  HUNDRED  AND  FIFTT-FOUR 

UNUSUALLY  LARGE  PAGES  IN  DOUBLE  COLUMNS, 

PRINTED  ON  GOOD  PAPER,  WITH  A  NEW  AND  CLEAR  TYPE. 

THE  WHOLE  WtLL  AND  STRONGLY  BOUND,  ^ 

WITH  RAISED  BANDS  AND  DOUBLE  TITLES. 
Ofy  to  he  had  in  twenty-four  parts y  at  Fifty  Cents  each. 

For  alUtf^  ArtieUi  and  Authort,  togtUur  with  oi4niotu  qf  thtfrtu,  Mm  Suffltmtni  to  tko  Jh 
9miUter  number  qf  the  Medieai  Newi  and  Library  for  1846. 

This  work  having  been  completed  and  placed  before  the  profession,  ha 
been  steadily  advancing  in  favor  with  all  classes  of  physicians.  The  nu 
merous  advantages  which  it  combines,  beyond  those  of  any  other  work ;  th( 
weight  which  each  article  carries  with  it,  as  being  the  production  of  somi 
physician  of  acknowledged  reputation  who  has  devoted  himself  especiall; 
to  the  subject  confided  to  him;  the  great  diversity  of  topics  treated  of;  thi 
compendiousness  with  which  everything  of  importance  is  digested  into  i 
comparatively  small  space  ;  the  manner  in  which  it  has  been  brought  u] 
to  the  day,  everything  necessary  to  the  American  practitioner  having  beei 
added  by  Dr.  Dunglison  ;  the  neatness  of  its  mechanical  execution ;  an< 
the  extremely  low  price  at  which  it  is  aflbrded,  combine  to  render  it  one  o 
the  most  attractive  works  now  before  the  profession.  As  a  book  for  con 
stant  and  reliable  reference,  it  presents  advantages  which  are  shared  by  m 
other  work  of  the  kind.  To  country  practitioners,  especially,  it  is  abso 
lutely  invaluable,  comprising  in  a  moderate  space,  and  trifling  cost,  th 
matter  for  which  they  would  have  to  accumulate  libraries,  when  remove 
from  public  collections.  The  steady  and  increasing  demand  with  whicl 
it  has  been  favored  since  its  completion,  shows  that  its  merits  have  beei 
appreciated,  and  that  it  is  now  universally  considered  as  the 

IJBEAEJ  TOR  COHSHLIktl^lSL  kUk^  ^\.\^\K«:^> 


SMITH  &  HORNER'S  ANATOMICAL  ATLAS. 

Jnst  PiiblulNa,  Price  Five  Dollan  in  Parti. 

AN 

ANATOMICAL   ATLAS 
UTSIIiTITI  OF  THE  SIRUGTOIE  OF  TIE  lEHAI  UOT. 

BY  HENRY  H.  SMITH,  M.D., 

Mbw  of  Am  CtlUgt  ^  Pkfridmmt,  ^t. 
CXDEA  THE  SUriKTUION  OF 

WILLIAM  E.  HORNER,  M.D., 
In  One  laerge  Volume,  Imperial  Octavo. 

Thia  work  it  hvlfnil  cnmpletod.  hnriBir  l>«ni  ddiijed  0ver  the  thnr  intcnd«d  by  th«  pvat  dUBevlty  in  fHrioi 
Id  Uie  Uliuirat'Oiii  ihc  drt.rvd  fiiiiHh  and  prrtection.    ll  coutiaw  oi'  five  pan*,  wboae  eoutenU  are  aa  fotlowi: 

Pabt    I.  The  Hnn^fl  and  Lifpimenu,  wilS  one  hundred  and  ihirty  rnicraTinffa. 
TAhT   II.  Tiie  .\lu*cuiar  aud  Dvrmoid  !H  «irinp.  with  nmety-orM  enfrHTinrA. 
I'akt  III.  Tk<>  Orprani  nf  D-ir^wtnii  and  iieni-raiioii.  with  cme  hundred  aiid  ninety-one  engraTingB. 
I'akt  IV.  Tlir  Orftaii*  nf  Keiipirai.on  ami  i?  rvutaiinn.  with  ninciv-eifhl  enf^rnvinfft. 
Pabt   V.  Ttie  .Nt-nrou*  Sv^frin  and  the  Swnhr".  wih  one  hundred  and  twciuy-aix  cagTBTin^ 
Fonuinn  aJtogeiiicr  a  coin|ile:e  SyMein  of  Anaininiral  IMMie«.or  nearly 

MX   HUNURED  AND  FIFTY  FKIL'KES, 
czeented  in  the  fieai  «T>'Te  of  art.  and  makii:*  one  taqce  imperial  octavo  toIuhm.    Tboae  who  do  not  want  hil 
paru  can  have  the  wurk  liound  in  extra  riutli  or  aheap  at  an  extra  coal 

Thia  work  poMevaea  noTehy  l«lh  in  iha  dcaUrn  and  Ihe  rxarntion.  h  la  the  firat  attempt  to  apply  eagraTiai 
en  wood,  un  a  large  acale.  to  the  illuairat  on  of  human  anaioiny,  and  the  beauty  of  the  parta  iaaued  induces  ilu 
puldiiiher*  lo  flatter  tbeiaaelvea  with  the  hi>pe  of  the  perfMl  ancrraa  of  iheir  anderukiiig.  The  plan  of  tin 
work  la  at  once  novel  and  convenient  Knrh  pafre  'a  |>erfirct  in  iiM-lf.  the  referencea  beinir  iramrdiately  undei 
Ike  fiipire*.  iQ  thai  the  eve  takca  id  >ha  w)iul«  at  a  clauca.  and  obvialaa  iha  nee«aaily  of  coBtuMial  vrferrnci 
baekwarda  and  forwanfa.  The  cata  are  deleeted  from  the  oeet  and  rnoai  aeeuraie  aonrctfa;  and.  where  necta 
ear)',  orinmnt  drawmir*  have  lieeii  made  from  the  admirable  Anaioiniral  Colteeiion  of  the  L'mveraity  of  Penn 
S)-lvBn.a.  It  enihraoe*  p\\  the  la!e  beamitbl  diacovenea  ariiinf  fnua  the  aaeoT  Ihe  microacope  in  the  mvcau 
(atmn  of  the  m>iiiite  «trurture  of  the  tiafeUf*. 

In  the  iT'tiiiig  up  of  Una  very  eompl**le  work,  the  nnbliahera  hare  apared  neither  pnina  nor  ezpenae,  and  the] 
DOW  prv»«.*iit  it  in  the  prdtVsAum.  w.lh  the  full  ronfiifence  that  it  witl  lie  deenitnl  all  tliai  la  waiiUMi  in  a  «r:ent;Sl 
and  arLm-fnl  ri^ini  ni  vk'w.  while,  at  the  aame  I  inc.  ita  very  k>w  price  piacca  it  wiihui  the  reucli  of  ail. 

It  u  farucuUriif  mdapttd  to  »upfi\f  th»  yUua  <ff»ktUtoiu  or  gubjuu^  as  tKt ynfftuwn  wUi  am  bg  cromifMMf  tlu  kt 
ff  pimm 


"TVae  fifnm  are  w^ll  aeleet^l,  and  preaent  a  complete  and  aeenrata  repreaentat?on  of  that  wonderftal  fcbrtc 
the  human  Iwxly.  'Die  plan  of  ih.a  Atlas,  which  reudera  it  no  peculiarly  conventrni  for  the  atiideBL  and  Ui 
•uperb  ariiaiical  ezeruiion,  have  lieen  already  pointed  out  \Ve  mupt  congratiilnte  the  student  upon  thi 
eoinpletion  of  thia  atlas,  ns  il  ia  the  moat  convenient  work  of  the  kind  that  liaa  yet  appeared ;  and,  we  mas 
aild.  the  verv  beaui:i'ui  manner  in  which  it  ia  'gut  up'  ia  ao  creditable  to  the  couuiry  aa  to  be  flattering  lo oui 
aalioiial  priile.*' — Amrritan  Mediral  JoumaL 

"Thia  la  an  ezquiaite  volume,  and  a  Ixrantifnl  apecimen  of  art  We  have  numenma  Anatomical  Atiaiei 
but  we  will  venture  to  say  thni  none  euual  it  in  cheapneaa,  and  none  anrpaaa  it  in  faithfulness  and  spirit  W( 
atToiiifly  recuinniend  U)  our  fneiida.  t«iii  urban  and  tuburban.  the  pnrrhaM*  of  thia  excellent  work,  lor  whtel 
bnlb  riliior  and  pniiliahiT  fleoitrve  thi  thanks  of  the  pnifrsaion.**— Afc/ira/  E.ramiHer. 

**  We  would  siroiigly  rerommciul  it,  not  only  to  tlw  aiudenL  but  alao  to  ilie  working  practitioner,  who 
allhoiifrh  frniwn  ruMy  in  the  toils  o(  his  harness  vtill  has  the  dev'.re.  and  oAen  the  nec'-a»ity.  of  refreshing  lui 
knowleitge  in  this  fiiiulnmental  part  of  ihn  aciuncc  of  medicine.** — iVri^  York  J(mrt%al  of  AMUcim  mnd  &trg. 

"  The  plan  of  this  Atlna  is  atlnnrable.  and  its  ezevuuon  superior  to  any  thing  of  the  kind  before  publ:slied  if 
thia  enuniry.  It  is  a  real  latKwr-aavinr  atfair,  and  we  regard  its  publication  aa  tlie  freatesi  boon  tiiat  emild  Ix 
conferred  on  the  atuditnt  of  anatomy.  It  wiU  l»«  equally  valuable  to  tiie  practitioner,  by  affording  hua  aneai) 
meana  of  recalling  the  deiaila  learned  in  the  diaaecting  room,  and  which  are  aoon  forgotten.*^ — Amiritan  JUrd» 
«•!  JottmnL 

**  It  ia  a  iK-antiful  aa  well  aa  particularly  useful  deatfiif  which  should  be  eztenaively  patronized  by  phyaiciana 
■urgeona  and  inediraj  students."* — BmIoh  Mti.  and  Surg.  JournaL 

''It  has  bren  the  aim  of  the  author  of  tlie  Atlaa  to  comprise  in  it  the  valuable  points  of  all  previooa  worka.  M 
embrace  the  latest  micrnscopieal  obaeiTrationa  on  ihH  aniilomy  of  the  liasuea.  and  by  placing  it  at  a  nioderai< 
price  to  enable  ail  lo  nrijuire  it  who  may  nerd  iis  aaaiatajice  in  the  diaaecting  or  operating  rooia,  or  (Mhex  bek 
of  ymctwr. V—Wfsum  Journal  of  Med.  and  Surfrry. 

"llieac  numbera  complete  the  serifa  of  thia  beautiful  work,  which  fully  merita  the  praiae  bestowed  imon  ih« 
earlier  nuini'trrs.  AVe  regHrd  nil  the  eiiffravIiifTH  ns  po^sesmiig  au  arcurncy  only  equalled  by  iheir  beuiry 
and  rord;nlly  recomineiul  the  work  to  all  engaged  in  the  study  of  aiiatomy.^JV«v  lorA  Journal  ^HUiouh 
and  Siiriffry. 

**  A  mort^  el^rnnt  work  than  the  one  before  us  could  not  easily  be  placed  by  a  physieian  npoo  the  table  (M 
kia  aiudvnt.*~TlV«/(r»i  Journal  o/  Mrdirine  and  Surgery. 

**  We  were  niiirh  pleased  with  Pun  I.  bm  the  Second  Part  gratifies  us  still  more,  both  as  regards  the  attrset- 
*]^^  Picture  of  the  subject,  (The  D«;nnoid  and  Mus<'««lar  Systems.)  and  the  beautiful  artistical  execuiuwof  thi 
Jinsiraiions.  We  have  hrre  delineated  the  most  acniirnte  mJrr«isropic  views  of  aoine  of  die  tissues,  as.  M 
inatHnce,  the  eellnlur  and  aitijtone  tiasuea,  tbt^  epidennia.  retr  muroaum  ami  cutis  vera,  the  aebaceoiv  am 
Pi'mpiralory  or',;HU»of  \he.  *k'vi\.  \\ve  ;«ir!»pir«iory  glniids  and  hairs  of  the  skin,  and  the  hair  and  nails.  Tbei 
.'ojJowK  the  ^i.Micral  anntim\'y  o(  \Yve  \unM\eA.  «.-a^  \«a.\\^  ^\^SA\T  M^arnte.  deltneniloiia.  We  wouM  rer<«iKKU<i 
tfiis  Anatomical  Alias  u>  out  xaadcTS  ui  >^  "v^n  %\xcAvt|tux  vtxvoak?^ — ^Ikw  XwW  i«w(MA<  ^  Mmtuina  mad  Sof 
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^        ItOltNER'S  ANATeMYj 

NEW  EDITION. 

SPECIAL  ANATOmVaND  HISTOLQCY. 

BY  WILLIAM  E.  HORNER,  M.D., 

FftOriMOB  or  AJTATOIIT  IV  THS  UKITSESITT  OT  PXITHBTLTAHIAv  &C.,  &C. 

Seventh  edition. 

Wiih  many  improvements  and  additions.    In  two  octavo  volumes,  with  illastrations  on 

wood. 

This  standard  work  has  heen  so  lon^  before  the  profession,  and  has  been  so  extensivelj 
used,  that,  in  announcing  the  new  edition,  it  is  only  necetisary  to  state,  that  it  has  under- 
gone  a  most  careful  revision ;  the  author  has  introduced  many  illustrations  relating  to  Mi- 
croscopical Auatomy,  and  has  added  a  large  amount  of  text  on  those  various  points  of 
investigation  that  are  rapidly  advancing  and  attracting  so  much  attention.  This  new  edition 
has  been  arranged  to  jnefer  conveniently  to  the  illastrations  in  Smith  and  Homer's  Anato- 
mical Atlas. 

**The  name  of  Professor  Horner  is  a  sufficient  voucher  for  the  fidelity  and  accuracy  of 
any  work  on  anatomy,  but  if  any  further  evidence  could  be  required  of  the  value  of  the  pre- 
sent publication,  it  is  afforded  by  the  fact  of  its  having  reached  a  seventh  edition.  It  is 
altogether  unnecessary  now  to  inquire  into  the  particular  merits  of  a  work  which  has  been 
so  Ions  before  the  profession,  and  is  so  well  known  as  the  present  one,  bot  in  announcing  a 
new  edition.  It  is  proper  to  stale  that  it  has  undergone  several  modifications,  and  has  been 
much  extended,  so  as  to  place  it  on  a  level  with  the  existing  advanced  state  of  anatomy^^ 
The  histological  portion  has  been  remodelled  and  rewritten  since  the  last  edition;  numerous 
wood  cuts  have  been  Iniroduced,  and  specific  references  are  made  throughout  the  work  to 
the  beautiful  figures  in  the  Anatomical  Atlas,  by  Dr.  H.  H.  Smith." — The  American  Medical 
Journal,  for  Jamuary,  1847. 


BOniTBR'S^ISSIiaTOR. 

THE  UNITED  STATES. DISSECTOR, 

BEING  A  NEW  EDITION,  MTITH  EXTENSIVE  MODIFICATIONS, 

AND  ALMOST  REWRITTEN,  OP 

^^nORJYER^S  PR^tCTMC^JL  ^J\\ATOJftY.'>^ 

IN  ONE  VERY  NEAT  VOLUME,  ROYAL  12mo. 
With  many  Illastrations  on  Wood. 

The  numerous  alterations  and  additions  which  this  work  has  undergone,  the  improve- 
Bients  which  have  been  made  in  it,  and  the  numerous  wood-cuts  which  have  been  intro- 
duced, render  it  almost  a  new  work. 

It  is  the  standard  work  for  the  Students  in  the  University  of  Pennsylvania. 

Some  such  guide-book  as  the  above  is  indispensable  to  the  student  in  the  dissecting  room, 
and  this,  prepared  by  one  of  the  most  accurate  of  our  anatomists,  may  claim  to  combine  as 
many  advantages  as  any  other  extant.  It  has  been  so  favorably  received  that  the  publish- 
ers have  issued  the  fourth  edition,  which  comes  forth  embellished  by  various  wood  cuts. — 
The  copy  for  which  we  are  indebted  to  the  publishers,  although  received  by  us  a  fortnight 
since,  gives  proof  in  its  appearance  that  it  has  already  seen  service  at  the  dissecting  table, 
where  students  have  found  it  a  valuable  guide. — The  Weatem  Journal  of  Medicine  and  Sur* 


HOPE  ON  THE  HEART.    NEWJEDITION,  JUST  PUBLISHED. 

A  TREATISE  ON  THE  DISEASES 

OF  THE  HEART  Ai«D  GREAT  TES8EL8, 

AND  ON  THE  AFFECTIONS  WHICH  MAY  BE  MISTAKEN  FOR  THEM. 

Oonpriiing  Uie  aathor'i  view  of  the  Pb^-siology  of  the  Hearths  Action  and  Sounde  u  demonsUBied  by  bit  ez- 
IMrimenU  on  the  Motioui  and  Sounds  in  IKX)  and  on  the  Sound*  in  18M~5. 

BY  J.  HOPE,  M.  D.,  F.  R.  a,  Ac.  &c 

Seoond  American  from  the  third  London  edition.    WiUi  Notea  and  a  Detail  of  Recent  EzperimenM. 

BY  C.  W.  PENNOCK,  M.  D.,  Ac. 

Li  one  oeiavo  Tolimie  of  nearly  aix  handled  ptk^u  ^tii^  ^^ncKW|^^^a»K^ 
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WORKS  BY  PROFESSOR  W.  P.  DEWEES. 

NEW    EDITIONS. 

DEWEES'S  BCDWIFERT. 

A  COMPREHENSIVE  SYSTEM  OF  MIDWIFERY. 

CBIBFLT  DESIGNED  TO  FACILITATE  THE  INQUIRIES  OF  THOSE  WHO  HAT  BB  FPi*. 

SriNO  THIS  BRANCH  OF  STUDY. 

ILLUSTRATED  BY  OCCASIONAL  CASES  AND  MANT  ENGRATINGa 
EUvfnth  Edition,  with  Ike  AittkarH  loMt  Improctmenii  and  Corrtctiom. 

BY  WILLIAM  P.  DEWEES,  M.D., 

LATB  PBOmWft  or  MlDWirKBT  IV  THB  VIIIVKBIRT  OF  rCirPtTLTAinA,  XTC. 

In  on«  rolMmf,  ortoro. 

'  Tlwi  Uii«  work.  notwithPUndlnjr  thf>  lenfrth  of  time  it  hM  been  bf  ferr  the  prorewion,  and  the  nameioM  trail- 
lart  ihst  hsvr  appeami  •inre  it  wm  writlrn.  phouM  hmr^  still  mainisined  its  iprounH.  and  paMrd  lo  ed-tlon  after 
•dition,  ia  Mifficirnt  proof  that  in  it  the  praeiical  taleiiia  of  the  aatbor  wei«  folly  placed  heibre  tbe  pnvi^ 
winn.  Of  the  liook  itti-lf  ii  would  Ih'  •iipprfluouH  10  ■peak,  havmff  heeii  m  lour  and  ao  favorably  koowa  ihroap* 
Mil  Ike  eouatry  aa  to  have  become  ideiitifird  wiih  American  Obatcincal  Scieoce. 


DEWEES  ON  FEMALES. 

A  TREATISE  ON  THE  DISEASES  OF  FEMALES. 

BY  WILLIAM  P.  DEWEES,  M.  D.,  &c., 

UkTE  pmorKMom  or  MiuwirEBT  iir  tb£  uritebsitt  or  PEVvarLTAiiiAyXrc. 

NINTH  EDITION, 

With  the  Author*8  last  Improvements  and  Corrections. 

In  on*  oelare  volume,  with  plata. 


DEWEES    ON    CHILDREN. 

A  TREAinsE  ON  THE 

PHYSICAL  AND  MEDICAL  TREATMENT  OF  CHILDREN, 

BY  WILLIAM  P.  DEWEES,  M.D„ 

LATE  rBOrEHOB  or  MIDWirCRY  IN  THE  VNIVEBIITY  Or  PEIIMYLTAVIA9  ETC.  ETC. 

NINTH    EDITION. 

In  on*  ro/wm«  octavo, 

Thia  edition  embodiea  the  notea  and  additiona  prepared  by  Dr  Deweea  before  hit  death,  and  will  befimA 
■nch  improvi'd. 

The  objt^iii  of  thia  work  ar^.  lat.tntPachthrH^  who  hare  the  chanre  of  children,  either  aa  parent  or  fvardiaB, 
the  moat  approreil  methodaof  aecuring  and  improving  ih«ir  phyaical  powera.  Thia  ia  attempted  by  poiBliM 
onithedutiea  w!i:cli  ili«  parriii  or  ilie  guardian  owes  for  thia  purpoae.  to  thia  intereatinf  battaeipleaaelaiaoi 
being*,  and  the  iiianiit* r  l>y  wh:eh  their  ilutif  *  uliall  l>e  fulfiMcd.  And  2d.  10  nriidcr  availabli^  a  long  exprn^ace 
to  thofte  objrcti*  of  our  affi»rlion  whrn  th^y  hrroine  difieaaed.  In  atiemptmg  thia.  the  author  haa  avoided  ai 
much  aa  poa»il>ie.  "trichnicalily,"  and  haa  given,  if  he  doca  not  ttatier  himaelf  too  much  to  each  diaea*eof 
which  he  treats,  ita  appropriiitp  and  deaigiiatiiig  charaetera.  with  a  ftdeliiy  that  will  prevent  anr  two  beiitf 
confounded  together,  with  the  beat  ciode  of  treating  them,  that  either  hia  own  experience  or  that  of  otlien  haa 
MUrgeatrd. 

Phyaiciana  cannot  100  atrongly  recommend  the  nae  of  this  book  in  all  famillet. 


ASHWELL  ON  THE  DISEASES  OF  FEMALES. 

A  PRACTICAL  TREATISE  OK  THE 

DISEASES  PECULIAR  TO  WOMEN. 

ILLUSTRATED  BY  CASES 
DERIVED   FROM    HOSPITAL  AND   PRIVATE   PRACTICE. 

By  SAMUEL  ASHWELL,  M.D., 

Member  of  the  Royal  Goilege  of  Phyaiciana;  Obatetric  rhyaician  and  l^ectnrer  to  Goy^a  Hoq>iial,  ta. 

Edited  by  PAUL  BECK  GODDARD,  M.  D. 

Thg  whole  complete  in  one  large  octavo  vohuno, 

*'  Th6  moft  able,  iikA  cerlnxiAy  VYi^  yi\o«x  «\aiTk^«.x^  «ai^^x%K?0A;i\,'«^k'^ ««l  ftBnuil*  ditaaawthBt  wt 
ihtre  jet  f  eco.*'— Medico-Chirvrgicol  Rc«lc«. 
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WATSON'S  PRACTICE  OF  PHYSIC. 

NEW    EDITIONi    BROUQHT   UP   TO   SEPTCMBEfl  1847. 

LECTURES    ON    THE 

PRINCIPLES  AND  PRACTICE  OF  PHYSIC 

DELIYUICD  AT  XIirO*S  COLUCOS,  LONDOKi 

By  THOMAS  WATSON,  M.D.,  &c.  &c. 
Third  American,  from  tlie  Last  London  Edltioa 

REVISED,  WITH  ADDITIONS, 

BY  D.  FRANCIS  CONDIE,  M.  D^ 
Author  of  a  work  on  the  "Difeases  oT  Children,"  &c. 

In  One  Octavo  Volume 

Of  nearly  ELEVEN  HUNDRED  Laboe  Pages,  ttrongly  bound  with  raUed  hand$. 

The  n^id  tale  of  two  large  editions  of  thU  work  ie  an  eridence  of  its  merits,  and  of  its  general  fairorwith  the 
AoMhcau  practitioner.  To  commend  it  still  more  sironf  iy  to  the  profession,  the  publishers  have  |(one  to  a 
neat  expense  in  preparing  this  edition  with  larger  type,  finer  paper,  and  strongfer  binding  with  raised  bands. 
It  ia  edited  with  reference  partienlarly  lo  American  practice,  by  Dr.  Condie;  and  with  these  nameroos  im* 
piovemenis,  the  priee  is  still  kept  so  low  as  to  be  withm  the  reach  of  all,  and  to  render  it  among  the  cheapeet 
works  oflered.to  the  profession.  It  has  been  reoeiTcd  with  the  utmoal  fisvor  by  ike  medical  press,  both  of  this 
eooairy  aod  of  England,  a  lew  of  the  notices  of  whieh,  together  with  a  letter  from  Profeseor  Chapman,  are 
■aUnitied. 

Philadelphia,  September  27th,  1844. 
Wat9on*8  Practice  of  Phyflic,  in  my  opinion,  is  among  the  most  comprehen- 
sive works  on  the  subject  extant,  replete  with  curious  and  important  matter,  and 
written  with  great  perspicuity  and  felicity  of  manner.  As  calculated  to  do  much 
good,  I  cordially  recommend  it  to  that  portion  of  the  profession  in  this  country 
who  may  be  influenced  by  my  judgment. 

N.  CHAPMAN,  M.  D., 

PrqfiMor  qftkt  Praetiu  and  I%tory  ^M»d%ein*  in  tht  Univtnity  of  Penntj/tconim. 

"We  know  of  no  work  better  calculated  for  being  placed  in  the  hands  of  the  student,  and  for  a  text-book,and 
•a  such  we  are  sure  it  will  be  very  exiensively  adopted.  Oii  every  important  point  the  author  seems  to  have 
posted  up  his  knowledge  to  the  day.*^— itinmeaa  Medical  Journal. 

One  or  the  most  practically  useful  books  thai  evttr  was  presented  to  the  student — indeed  a  more  admirable 
Munmary  of  general  and  special  pathologyf  and  of  the  application  of  therapeutics  to  diseases,  we  are  free  to 
aay  has  not  appeared  for  very  many  years.  The  lecturer  proceeds  through  the  whole  classificstion  of  human' 
ilia,  a  capitt  ad  caiemt,  showing  at  eTer>'  step  an  extensive  knowledge  of  his  subject,  with  the  ability  of  commu- 
nieating  his  precise  ideas  in  a  style  remnkable  for  iu  clearness  and  simplicity.**— A^  Y.  Journal  qf  MM- 
tins  and  Surgtry. 

**  We  are  fre«  to  scale  that  a  earefnl  examination  of  this  Tolnme  has  satisfied  ns  that  it  merits  all  the  coo^ 
mendation  bestowed  on  it  in  this  country  and  at  home.  It  is  a  work  adapted  to  the  wanu  of  young  praeti- 
tionera,  combining  as  it  does,  sound  principles  and  substantial  practice.  It  is  not  too  much  to  say  that  it  is  a 
TepresentatiTe  of  the  actual  state  of  medicine  as  unght  and  practised  by  the  most  eminent  physicians  of  the 
present  day,  and  as  such  ws  would  advise  every  one  about  embarking  in  tine  praoiioe  of  physio  to  provide  hin- 
•elf  with  a  copy  of  it"— fratern'/oiima/  i^Mtdicin»  and  Surgery, 


VdCEL'S   PATHOLOGICAL  ANATOMY. 

THE 

PATHOLOGICAL  ANATOMY  OF  THE  HUMAN  BODY. 

By  JULIUS  VdGEL,  M.D.,  &c. 

TRANSLATED  FROM  THE  GERMAN,  WITH  ADDITIGNS, 

By  GEORGE  E.  DAY,  M.D.,  &c. 

lUustrateti  tjt  nptoartis  of  ®ne  IQunliteti  Dlafn  anH  Coloreti  Hngrabfngs. 

In  One  neat  Octavo  Volume, 

In  OUT  last  number  we  gave  a  pretty  full  analysis  of  the  original  of  this  very  valuable  work,  to  which  we 
must  refer  the  reader.  We  have  only  lo  add  here  our  opinion  that  the  translator  lias  performed  his  task  in  an 
excellent  manner,  and  1ms  enriched  the  work  with  many  valuable  additiooa— TIs  Briiisk  and  Fortign  MtdUml 
Beview. 

It  is  decidedly  the  best  work  on  the  subject  of  which  it  treats  in  the  English  language,  and  Dr.  Day,  whose 
translation  is  well  executed,  has  enhanced  its  value  by  a  judicious  selection  of  the  moei  important  figiires  fi 
the  atlas,  which  are  neatly  engraved.— 3%s  London  MudiitU  Oaxtm, 
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DUNGUSON'S  THERAPEUTICS. 

NEW  AND  MUCH  IMPROVED  EDITION. 

GENERAL  THERAPEUTICS  AKD  MATERIA  MEDICA. 

With  One  Hundred  and  Twenty  IllustratlonB. 

ADAPTED  FOR  A  MBDICAL  TEXT-BOOK. 

BY  ROBLEY  DUNGLISON,  M.D., 

Professor oflnstitatesnf  Medicine,  &r.  ill  JelTrrson  Medical  College:  liStu  Frnfe^nor  of  Materia  Medics,  &o. 
in  th«  Universities  of  Virginia  and  Marylapd,  and  in  ^sfleraon  Medical  College. 

Third  Edition,  Revised  and  Improved,  in  two  octavo  volumes,  well  bound. 

Tn  this  edition  mach  improvemrnt  will  lie  found  over  the  former  ones  The  author  has  sulijecied  it  to  a  tho- 
rouj^h  revision,  and  has  endeavored  to  so  modify  the  vrork  as  io  mhke  it  a  more  complete  and  exact  exponrnt 
of  the  present  state  of  knowledge  on  the  imporiani  suluecl*  of  which  it  treats.  The  favor  with  which  the  formar 
editions  were  received,  demanded  (hat  the  present  shou'd  he  veiidt^red  still  more  worthy  of  the  patronage  of  tne 
profession,  and  this  alteration  will  be  found  not  only  in  the  mntier  of  the  volumes,  but  also  in  the  numerooi 
illustrations  introduced  and  the  g»-iieral  improvement  in  the  appraroiice  of  the  work. 

'*This  is  a  revised  and  improved  ed-t>on  of  ihr  author^s  celebrated  l)ook.  eniitled '  (jencral  Therapeut'cs;'  an 
•CAoani  of  the  different  articles  of  the  Materia  Medica  having  been  incontorated  with  it.  The  work  has,  in 
fkcu  been  entirely  remo(1elle<l.  so  (hot  it  is  now  the  most  romp  It*  le  and  sniiarQ"tory  exponent  of  the  existing  state 
of  Therapeutical  Science,  within  the  moderate  limits  of  a  text-book.of  any  hitherto  publii^hed.  What  gives  the 
work  a  superior  value,  in  our  judgment,  is  the  happy  blending  of  Therapeutics  and  Mftleria  Med'ca  ai^  ihey  are, 
or  ought  IO  be  tflught  ill  all  our  medical  schools:  going  no  further  liiio  the  nature  and  (oinniercial  history  of 
drugs,  than  is  indispensable  for  the  medical  student.  'This  givei>  to  the  treniisc  a  clinical  and  practical  charac- 
ter, calculated  to  benefit  in  the  highept  degree,  tioth  Miidi'nts  and  pra^titroners.  We  shall  adopt  it  aii  a  text- 
book for  oar  classes,  while  pursuing  this  branch  of  medicine,  and  shall  be  happy  to  learn  that  it  has  bvea 
•doplrd  as  such,  in  all  of  our  medical  iiiMituiions  "— T/ie  N  Y.  Journal  of  AM  itine. 

**  Our  junior  brethn^n  in  Arorrica  will  find  in  these  volumes  of  Professor  Dunffl:son.  a  'Thb8A.L'SUS  Msdica- 
MIinTll,*  more  valuable  than  a  large  purse  of  gold.-'—  London  Mniico-Chiturgicnl  Rnvitw. 

DUNGLISON  ON  NEW  REMEDIES. 

NEW  EDITION,  BROUGHT  UP  TO  OCTOBER  ISM. 

NEW    REMEDIES. 

BY  ROBLEY  DUNGLISON,  M.D.,  &c.  &c. 

Fifth  edition,  with  extensive  additions.    In  one  neat  octavo  volume. 

The  nnmerous  valuable  therapeutical  agents  which  have  of  late  years  been  introdoccd  into  the  Matena 
Mediom.  render  it  a  diffiealt  matu^r  for  the  practitioner  to  keep  up  with  the  advancement  of  the  science,  espe- 
cially as  the  descriptions  of  them  are  difficult  of  access,  being  scattered  w  widely  iliiougn  transactions  of 
learned  ucieties,  journaN,  monographs.  &c.  kjc.  To  obviate  this  difficulty,  and  to  plate  within  reach  of  the 
profession  this  important  information  in  a  compendious  farm,  is  the  oliject  of  the  present  vohime,  and  the  nnn- 
oer  of  editions  through  which  it  has  passed  ahow  that  its  utility  has  not  been  underrated. 

The  aaihor  has  taken  particular  care  that  this  edition  shall  be  completely  brought  up  to  the  present  day.— 
The  therapeutical  agents  added,  which  may  be  regarded  as  newly  introduced  into  the  Materia  Medica,  to- 
gether wi*h  old  agents  brought  forwnrd  with  novel  applications,  and  which  may  ih«*refore  be  esteemed  as 
**New-  Remedies,"  are  the  following:— Benzoic  Acid.  I'hromic  Acid.  Gallic  Acid.  Nitric  Acid.  Phosphate  of 
Ammonia.  Binelli  Water,  Brocohi€ri  Water,  Airopia  Beerberia.  Chloride  of  Carlwn  (Chloroform),  Digitaliai 
Eleetro-Magnetism.  Ergotin,  Ox-fiall.  Glycerin,  Hoemospasy,  Hcpmostasis,  Hagenia  Abyisintea.  Honev  Bee, 
Proioohloride  of  Mercury  and  Quinia.  Io«ioform.  Carbonate  of  Lithia,  ^Iphate  of  Manganese,  Matico,  Doable 
Iodide  of  Mercury  and  Morphia,  lodhydraie  of  Morphia,  Iodide  of  lodhydrate  of  Morphia.  Muriate  of  Mor- 

fibia  and  Codeia,  Naphthnlin,  Piscidia  Krythrina.  Chloride  of  I<ead.  Nitrate  of  Potas*a.  Arseniaieof  Quinia, 
odide  of  Quinia,  Iodide  of  Cinchonia.  Tmlide  of  lodhydraie  of  Quinia,  Lactat*  of  Quinia,  Pyroncctic  Acid, 
(Naphtha.  Acetone)  Hyposulphate  of  So<ln.  Phosphate  of  9oda,  lod-.de  of  lodhydrate  of  Mrychnia,  Double  Iodide 
of  Zinc  and  Strychnia,  Double  Iodide  of  Zinc  and  Morphia,  and  Valerianate  of  Zinc. 

;  ^  A  work  like  this  is  obviously  not  suitable  for  either  critical  or  analytical  review.  It  is.  so  far  as  it  goes,  a 
dispensatory,  in  which  an  acconnt  is  given  of  the  chemical  and  physical  properties  of  all  the  articles  recentlv 
added  U)  the  Materia  Medica  and  their  prr-pHrationA.  with  n  nonce  of  the  diseases  for  which  they  are  prescribed, 
tiie  doses,  mode  of  administration  &c."—  The  Me/iiftU  Eraminer. 

THE   MEDICAIL   STUDENT, 

OR  AIDS  TO  THE  STUDY  OF  MEDICINE. 

A  RKVISiiED  AMD  MODIFIED  EDITION. 

BY   ROBLEY    DUNGLISON,    M.D. 

In  one  neat  l?mo.  volume. 


HUMAN   HEALTH; 

OB,  THE  INFI.UENCF.  OF  ATMOSPHKRR  AND  LOCAIJTY,  CHANGK  OP  AIR  AND  CIJMAT& 

8EA»ONS,  F(X)D.  CLOrniNG,  BATHING   AND  MINERAL  SPRINGS,  EXERCISE. 

SLEEP,  CORPORFJIL  AND  INTELLECTUAL  PURSUITS,  &c.  Ac, 

ON  HEALTHY  MAN:  CONSTITUTING 

ELEMENTS   OF   HYGIENE. 

DY  ROBLEY  DUNGLISON,  M.D. 

A  New  Edition  with  many  Modifications  and  Additions.    In  one  Yolamey  8to. 
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AMERICAN    PRACTICE    OF   MEDICINE.' 

BY    PR0FB880R    DUNGLI80N. 
TinRD  EDITlOIf ,  MUCH  IMPROVfa),  NOW  READY,  BRUUGHT  UP  TO  iSttL 

THE  PRACTICE'oF  MEDICINE ; 

A    TRE  ATI8E    ON 

SPECIAL   PATHOLOGY    AND   THERAPEUTICS. 

third  edition. 
By  ROBLEY  DUNGLISON,  M.  D. 

fr^mmr  ^  lAc  /lUtirwlM  ^  Mtdieint  in  tkt  Jtffmon  Mtdieat  CoUtgt;  Leetunr  on  CUnieml  MtdieiM^^t 

In  Two  large  Octaro  Volumes  of  over  Fourteen  Hundred  Pages. 

Sinee  the  publicmtioo  of  the  second  edition  of  this  work,  short  ss  the  interral  his  been,  so  mmtk 
activity  h«s  prevailed  in  the  idvancement  of  medical  k  now  led  f;e,  that  a  thorough  revision  of  it 
became  necessary.  Several  psthological  affections,  too,  had  been  omitted,  which  are  now  insert- 
ed. The  greatly  enlarged  dimensions  of  the  work  will  sufficiently  exhibit  the  amount  of  additiou, 
which  might  escape  superficial  observation. 

In  preparing  the  present  edition,  the  author  haa  carefully  scanned  the  various  monographs  on 
pathology  and  therapeutics,  which  have  appeared  alone  or  in  ditferent  cyclopBdiac  and  other  works, 
transactions  of  learned  societies,  and  Journals.  He  has  also  availed  himself  of  the  valuable  matter 
contained  in  recent  treatises  having  a  similar  scope  with  his  own,  of  which  he  msy  specijy  more 
particularly^  those  of  Canstatt,  Fuchs,  and  Wunderlich  of  Germany;  Valliex.and  Griaolleof  Fraace; 
and  Dickson  of  this  country.  The  Pathological  Anatomy  of  Vogel,  and  the  Animal  Chemistry  of 
Simon,  have  also  yielded  him  valuable  assistance.  Nothing  of  importance  that  haa  been  recoraed 
■inee  the  publication  of  the  last  edition  has,  he  believes,  osbaped  nis  attention ;  and  altogether  be 
trusts  that  the  present  edition  will  be  regarded  as  an  adequate  exponent  of  the  existing  cooditioB 
of  knowledge  on  the  important  departments  of  which  it  treats. 

NotwithsiandinfT  the  numemas  and  attractive  works  which  have  of  late  been  issued  on  the  Praetlee of 
Physic,  thrtte  voluin^n  kci'p  ih(*ir  place  ns  a  utandard  text-book  for  the  viudent.  and  manual  of  reference  for 
the  prmciitioner.  The  care  with  which  the  author  embodies  everythinf?  of  value  from  all  sources,  the  industry 
with  which  nil  discoveries  of  in(cre«i  ur  importance  are  summed  up  in  •ucceeduig  editions,  the  exeellent 
order  and  system  which  is  everywhere  manifested,  and  the  clear  and  intelligible  style  in  which  his  tbooghts 
are  presented,  render  his  work*  universal  favorites  with  Ike  profession. 

^  In  the  volumes  before  us.  Dr.  Dunf^lisou  has  proved  that  his  acqnaintance  with  the  present  fiscts  and 
doctrines,  wheresoever  orig'inatinff.  is  most  extensive  and  intimate,  and  the  judgment,  skill,  and  impartiality 
with  which  the  ninterialsol'ihe  work  have  been  collected,  weifrhed.  arranfred.  and  exposed,  are  strikingif 
manifested  in  every  clinpier.  («rrai  earn  is  everywhere  taken  to  indtcaio  the  source  of  information,  and 
under  the  head  ol  ireatmeiiL.  forinuUi*  oi  the  moit  appropriate  remedies  are  everywhere  introduced.  In  coa- 
elusion,  we  cniiarratulaie  the  students  and  junior  practitioners  of  America  on  possessmfr  in  the  present 
volumes  a  work  of  standard  merit,  to  which  they  may  confidently  refer  in  their  duabts  and  dilficulues.''— 
Bnl.  and  For.  MrJ.  Rtr. 

**  Sinee  the  forevouiff  oltservaiions  were  written,  we  have  received  a  second  edition  of  Dunjirlison^s  work, 
a  sufficient  indication  of  the  hi|rh  characier  it  ba«  alreaily  aitainrd  in  Ametica,  and  juMly  attained."— Aid. 

'^In  the  short  space  of  two  vear«,  a  second  edition  of  l)r.  Dungliifon's  Treatise  on  Special  Pathology  and 
TTherapeuticB  has  been  called  for,  and  is  now  before  the  public  in  the  neat  and  tasteful  dress  in  which  Lea 
k,  Blanchard  iMue  all  their  valuable  publications.  We  do  not  notice  the  fact  for  the  purpose  of  passing  any 
studied  eulogy  upon  this  work,  which  is  now  too  well  known  to  the  profession  to  need  the  commendation  of 
the  press. 

**  A  cursory  examination  will  satisfy  any  one,  that  prreat  labor  has  been  bestowed  upon  these  volumes, 
and  on  a  careful  perusal  it  will  be  seen  that  they  exhibit  the  present  state  of  our  knowledge  relative  m> 
special  pathology  and  therapeutics.  The  work  is  justly  a  great  favorite  with  students  of  medicine,  whow 
exigencies  the  learned  author  seems  especially  to  have  consulted  in  its  preparation.^^ — Wtstern  Jour.  ^ 
Mod.  mnd  Surg. 

**This  is  a  work  which  must  at  once  demand  a  respectful  consideration  from  the  profession,  emanaiingsi 
it  does  from  one  of  the  mo»t  learned  and  indci'atigahle  physicians  of  our  country. 

"This  arrangement  will  recommend  itself  to  the  favorable  consideration  of  all,  for  simplicity  and  com- 

{»rehensiveness.    We  have  no  space  to  go  inro  details,  and,  iherHtbre,  conclude  by  saying,  that  although 
solaied  defects  mi^ht  be  pointed  out,  yet  as  a  whole,  we  cheerfully  recommend  it  to  the  profession.  «• 
embracing  much  important  matter  which  cannot  easily  be  obtained  from  any  other  source."—  WiaUrn  Laneii. 


*wzz.soir  ov  THE  sxzir. 

NEW  AND   IMPROVED   EDITION,  (1847.) 

ON    DTSRASES~OF    THE    SKIN. 

BY  ERASMUS   WILSON,  F.R.S., 

AVTHoa  OF  ■*A  BTSTKM  OF  UUUAH  AirATOMT,*^  ETC. 

PECO.VD  AMERICAN,  FROM  THE  8ECO.ND  LONDON  EDITION. 

ill  one  neat  octavo  volume,  extra  doth,  of  Four  Hundred  and  Forty  Pages,  with  Eight  Sted  Pktm, 

aeeurateiy  and  beautifully  colored. 

Copies  may  be  had  w\\\i  or  wUVmiX  \Va  v^as^v  or  the  plates  may  be  had  separate,  neatly  and  strongly 
done  up. 

Tho  increase  of  ibta  work  by  neatX^  a\««i^t^^'^«l,«a  aXsew^^v.'^*  «&\SSsk\0\akxaAs^i:>s&i^<wTOl.«nid  braagkt 
dAte  of  pttbiicaAiou. 


LEA  &  BLANCHARD'S  PUBLTCATIONS.  It 

BRODIE'S  SURGICAL  WORKS. 


iSElECT  SimeiGAI  WORKS  OF  SIR  BENHT IRODIE,  BART.,  Y.F.R.S. 

CONTAINING  HIS 

CLINICAL   LECTURES    ON    SURGERY, 
LECTURES  ON  THE  DISEiLSES  OF  THE  URMART  ORGANS, 

OBSERVATIONS   ON    THE    DISEASES    OF    THE    JOINTS. 

The  whole  in  one  neat  octavo  vo/ninc,  elronglg  bound* 

ALSO, 
Saelft  of  tlfte  «!»•▼•  -vrorlcs  to  be  had  •efmratelyy  done  up  im  oloth* 


nnTLLER'S  FHTSICS  AND  NETEOROLOaT— Nearly  Ready. 
PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 

BY   J.   MULLER. 

PROmSOl  OV  PHTBCB  AT  THS  XTHIVKUITT  OT  TBEIBUSO. 

ntq^trated  with  nearly  FW*  Hundred  and  Fifty  EngraTingt  on  Wood,  and  Tiro  Colored  Flatea. 

In  On€  Octavo  Velume, 

**The  Phyeics  of  Mailer  ii  n.  work  superb,  complete,  uniqne ;  the  greatest  want  known  to  Enfrlish  Science 
coDld  not  have  been  better  supplied.  The  work  is  of  surpassinr  interest.  The  value  of  this  contribution  to 
ihe  scientific  records  of  this  coantrv  may  be  duly  emimaied  by  the  fact,  that  the  cost  of  the  original  drawiagt 
and  engraTings  alone  has  exceeded  the  sum  of  JuiXOO.'^-  Lancet,  March  1&47. 


SOLLT  ON  THE  BRAIN— Nearly  Ready. 

TIE  HUMAN  BRAIN:  ITS  STRUCTVRB,  FHTSIOIOBT,  AND  DISEASES. 

WITH 

1  DESCUFTION  OF  THE  TTPIGAL  FORIS  OF  SRAIN  IN  THE  ANIIAL  KIK6D0I. 

DY  SAMUEL  SOLLY,  F.R.S., 

Senior  Aseistant-Sargeon  to  Su  Thomas*  Hospital;  and  Lecturer  on  Clinical  Surgery,  &o. 

SECOND  EDITION,  GREATLY  ENLARGED. 

One  Octavo  Volume,  with  120  Cuts. 


MILLER'S  SURGICAL  WORKS. 


THE  PRINCIPLES  OF  SDRGERI. 

BY  JAMES  MILLER,  F.R.S.E.,  F.R.C.S.E., 

Profeaeor  of  Surgery  in  the  UniTereity  of  Edinburg,  fee. 

In  one  neat  octavo  volume,  to  maich  the  Author^t  volume  on  «  Practice.** 

**  We  feel  no  hesitation  in  expressing  our  opinion  that  it  presents  the  philosophy  of  the  scteuca 
■•re  fully  and  dearly  than  any  other  work  in  the  language  with  which  we  are  acquainted."— PAi- 
in4eiphia  Medicai  Examiner. 

LATELY   PUBLISHED. 

THE  PRACTICE  OF  SURGERY. 

BY  JAMES  MILLER, 

Professor  of  Surgery  in  the  University  of  Edinburg. 

In  one  neat  octavo  volume. 

This  work  is  printed  and  bound  to  match  the  «  Principles  of  Surgery,**  by  Professor  Miller,  lately 

issued  by  L.  &  B.    Either  volume  may  be  had  separately. 

**  This  work,  with  the  preceding  one,  forms  a  complete  text-book  of  surgery,  and  has  been  ander- 
taken  by  the  author  at  the  request  of  his  pupils.  Although  as  we  are  modestly  informed  in  the 
preface,  it  is  not  put  forth  in  rivalry  of  the  excellent  works  on  practical  surgery  which  already  exist, 
we  think  we  may  take  tipon  ourselves  to  say,that  it  will  form  a  very  successful  and  formidable 
fiTBl  to  most  of  them,  while  it  does  not  offer  the  same  attractive  illustrations,  with  which  some  of 
our  recent  text-books  have  been  embellished,  and  while  it  will  not,  as  indeed  is  not  its  design,  set 
•aide  the  more  complete  and  elaborate  works  of  reference  which  the  profession  is  in  posseaaioa  oC« 
we  have  no  hesitation  in  atating  that  the  two  volumes  form,  to^eVheT,%.  ick»t«  ^ateitX^kxi  \«»x^w^ 
of  rargery  than  any  one  that  has  been  heretofore  offerod  to  tkk«  «UoA«bX?^— TV»  nortVcr^ 
ifJMMM. 
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A  MANUAL,  OR  ELEMENTS  01 

FOa  THE  USE  OF  THE  M£DICAL  ! 
Br  wiujAH  B.  CARPBirrca.  h.  d.  i 
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HEW    AND   MUCH   IMPROVED    EDITIOI 
CARPENTER'S  HUMAN  PHYS 

BBtroOHT  UP  TO  BBPTBMBBB,  1 

PRINCIPLES_£H£M£PH 

PATHOLOGY,    HYGIENE,   AND    FORE 

BY  WILLIAM  B.  CARPEKTER,  M.  D.,  ] 

Third  Amarleaii,  from  a  Hew  and  Baviaw 

BY  MEREDITH  CLYMRR,  KI.'  E 

la  one  sctaro  lulums,  of  oiar  ^50  doiatj'  ind  beiul 
trrii.  ihal  Ihc  |irrH-nl  nlit'nn  hi>  hsFD  riuiilmlly  modi&ed  liliil  imimTcil 
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BUPPLESEn  TO  TBII  ISNGVCLOPfDU  llEBICAXl, 

ENC7CL0PXDIA  AMERIGANA-Sn 
A  POPULAR  DICTFOI 
OF  ARTS,  SCIENCES,  LITERATURF.  HIST 
BltKiRA-FHY. 
VOL,    XIV. 

Edited  by  HENRY  VETHAKE, 
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LBA  A  BLANCHARBV  PUBUCATIONa  tS 

FOWMES'  CHEMISTRY  FOR  STUDENTS. 

NSW  AKD  IMPROVED  EDZnOH,  1B47. 

ELEMERTARY   CHEMISTRY. 

THEORETICAL  AND  PRACTICAL.  ' 

BY  GEORGE  FOWNES,  Ph.  D., 

ChemicAl  Lecturer  in  the  Middlesex  Hotpital  Medical  School,  ftc.  fcc. 
With  Humeruus  IllustratiouK.    )4econd  American  Kdltlun.    Kditcd,  with  Addlttoniy 

BY  ROBERT  BRIDGES,  M.  D., 

Pro(enor  of  General  and  Phamnaceotical  Chemiitry  in  the  Philadelphia  College  ofPhannaey,  Ite.lte. 

In  cnt  largt  duodecimo  volumt,  iktep  or  txira  cloth. 
Thoogh  thiv  work  ha«  heen  to  receiiily  published,  it  has  already  be«*n  adopted  as  a  text-book  by  many  of  tiM 
Medical  Instiiotions  ihrougbom  the  couiiiry.    As  a  woik  for  the  firnt  class  student,  and  as  an  introduction  lo 
the  larger  systems  of  Chemistry,  such,  as  Orafaam*B,  there  has  been  but  one  opinion  expressed  conceminf  it, 
and  It  may  now  be  considrmd  as 

THE  TEXr^BOOK  FOR,  THE  CHEJfilCJiE.  STUDEJTT. 

"  An  admirable  exposition  of  the  present  state  of  chemical  science,  simply  and  clearly  written,  and  displnr- 
iBg  a  thorough  practical  knowledge  of  iu  details  as  well  as  a  profound  acquaintance  with  its  principles.  The 
Illustrations,  and  the  whole  getiiug-np  of  the  book,  merit  our  highest  praise.'*^  Brtthh  and  Foreign  MhL  Rt9. 

"  Remarkal)le  ibr  its  clearness,  and  the  most  concise  and  perspicuous  work  of  the  kind  we  have  seen,  admi- 
rably calculated  to  prepare  the  student  for  the  more  elaloraie  treatises. "—PAarmarevitra/Jinrm<UL 

This  work  of  Fownes,  while  not  enlarKing  on  the  subject  as  much  as  Graham,  is  far  more  lucid  end  expanded, 
than  the  usual  small  introductory  works.  Persons  using  it  may  rely  upon  its  being  kept  up  lo  the  day  by  fre- 
quent revisions. 

NEW    EDITION   OF  QR/KHAM^  CHEMISTRY,   PREPARING. 

THE  ELEMENTS  OF  CHEMISTRY. 

INCLUDING  THE  APPLICATION  OF  THE  SCIENCE  TO  THE  ARTS. 

"Wltla  Hvmerova  IllvntraUoisn. 

Bt  THOMAS  GRAHAM,  F.  B,  S.  L.  and  R  D., 

Profbsaor  ofChemistrr  in  University  College,  London,  ftc.  ke. 

SECOVD   AMERICAN.   FROM  THE  HECONl)  EN(iLIsn  EDinON. 

WITH  NOTES  AND  ADDITIONS  BY  ROBERT  BRIDGES,  M.  D.,  &c  Ac. 

In  on*  vohant  octavo. 


SIMON'S   CHEMISTRY  OF    MAN. 

ANIMAL   CHBMZSTRT, 

WITH  REFERENCE  TO  THE  PHYSIOLOGY  AND  PATHOLOGY  OF  MAN. 

BY  DR.  J.  FRANZ  SIMON. 

nAlfBLATKD  AND  XDITED  BT 

GEORGE  E.  DAY,  M.  A.  &  L.  M.  Cantab.,  fcc. 

With  plotct.    in  on*  octavo  volume f  qf  ovtr  $evtn  hundred  paget,  theep,  or  in  two  partt,  board*. 

This  important  work  is  now  complrit;  and  may  be  had  in  one  large  octavo  voiuine.  Those  who  obtained  the 
first  part  can  procure  the  second  separate. 

■*  No  treatisa  on  physiological  chemistry  approaches,  in  fulness  and  accuracy  of  detail,  the  work  whiek 
BtmHle  at  the  head  of  this  article.  It  is  the  production  of  a  man  of  true  Uennan  assiduiiyv  who  has  added  lo  hia 
own  researches  the  results  of  the  lalxnn  of  nearly  every  other  inquirer  in  this  interesting  branch  of  ifeieuoe— 
The  death  of  such  a  laborer,  which  is  mentioned  in  the  prefsce  lo  the  work  as  having  oecurriK)  nrematnrely  In 
18ti,  la  indeed  a  calamity  to  science.  He  had  hardly  reached  the  middle  term  of  life,  and  vet  had  made  himaelf 
known  all  ovrr  Europe,  and  in  our  country,  where  his  name  has  been  familiar  for  several  years  as  among  the 
moat  successful  of  the  cultivators  of  the  Chemistry  of  Man  ....  It  is  u  vast  repository  of  facts  to  which  the 
teacher  and  student  may  refer  with  equal  salisfaciion."— TA*  Wtturn  Journal  of  Mrdicint  and  Surgery. 

"The  merits  of  the  work  are  so  universally  known  and  acknowledged,  as  to  need  no  further  commendation 
at  onr  hands." — iV.  Y.  Journal  o/Mtdicint  and  Surgery. 

THE  eiEKISTRT  OF  THE  FOUR  SEASONS— A  NEW  WORK. 

TBE  CHEMISTRY  OF  THE  FOUR  SEASONS, 

SPRING,  SUMMER  AUTUMN  AND  WINTER. 

AN  KSaAY  PRINCIPALLY  CONCERNING  NATURAL  PHENOMENA   ADMITTING  OP  ILLUS- 
TRATION RY  CHEMICAL  KCIENCK  AND  ILLUSTRATINC;  PASSAGES  OF  SCRIPTURE. 

BY  THOMAS  GRIFFITHS, 

Professor  of  Chemistry  in  the  Medical  College  of  St.  IUinholomew*s  Hospital,  Ac. 
Jn  On*  very  neat  Volume,  royal  I'Jmo.,  of  Four  Hundred  and  Fifty  large  Pagn^  extra  doth,  tOn^ 

trated  with  numerout  IVood-cutt. 


AllSTEB'S  ANCIENT  WOBLD— Jnst  luned. 

THE  ANCIENT  WDRLO;  OR,  nCTUBESQIJE  SKETCHES  OF  CREATION. 

BY  T.  D.  ANSPED,  M.A.,  F.R.S.,  F.G.S.,  &c. 
noraeom  of  oioloot  in  imol  collbok,  umi don. 
7ft  On*  very  neat  volume,  fne  extra  doth,  with  about  One  Hundred  and  Ft^tj  RlualTQl>tt«a« 
Th*  phhetof  this  work  is  to  present  lo  the  general  reader  xYie  cVuat  ie«ia\\»  ot  Q^oNwe^^ ^^'*^?^tySjjQ 
mam/M  amf  eomprebeaeiro  manner.    The  author  has  avoided  m\\  nvm>i\«  ^«\%\\%  o^  ^^^^^^'t^-^-SSe 
BMdpmrdeular  oheeivmiian*,  and  has  endeavored  aa  far  ae  ^oeaxUe  %o  vtee«^^  satWit^Awwaw^"*" 
Iu  of  the  eeieaee,  divested  of  its  mere  tcchniealitiea.    The  wot\l  va  v^vtMc^  Va  i^^ 
ifwae  iUa*trmtioa*,  mod  fonoM  a  neat  volume  for  \he  cenlTe-\mbV«, 
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LECTURES  ON  THE  OPERATIONS  OF  SURGERY, 

AVD  oir  ' 

DISEASES  AND  ACCIDENTS  REQUIRING  OPERATIONS, 

DELIVERED  AT  UNIVERSITY   COLLEGE,   LONDON, 
BY  ROBERT  LISTON,  Esq.,  F.  R.  S.,  &c. 

BDITED,     WITB    VVHBBOrt    ALTSBATIOHt    AVD    ASDITIOVB, 

BY  T.  D.  MUTTER,  M,  D., 

Profetwr  of  HurRvry  in  ibe  JelTerioB  Medical  College.  Philadelphia. 

In  One  lArge  and  Beantlf ully  Printed  Octavo  fTolw 


WITH  TWO  HUVOmCD  AHD  IIITCEIT  ILLUVTBATIOHl  OV  WOOD. 

Mora  thaa  one-third  of  thii  volume  is  bj  Proferaor  MUtter,  embodying  eUbormte  traAtiMtai 
Plutio  Operatioos,  SupbyLoraphj,  Club-Foot,  Diieatei  of  the  Eye,  Deformitioe  from  Bunu,  ftc.ftc« 


▲  S7ST31C  07  FRAGTZaAL  STTTLGEIl?. 

BY  WILLIAM  FERGUSSON,  F.  R.  S.  E. 

SECOND  AMERICAN   EDITION,  REVISED  AND  IMPROVED. 
With  Two  Hundred  and  Ftfty-lteo  UluMtrat  torn  from  Drawingt  fry  Bagg,  Engravod  dy  GiOcrf, 

H'Uh  Noteg  and  Additional  Ultutratiom, 

BY   GEORGE    W.   N0RRI8.M.    D.,  Ac. 

In  one  beautiful  octavo  volome  of  tii  hundred  and  fortj  large  pagea. 


•  THE  PRINCIPLES  AND  PRACTICE  OF 

OBSTETRIC  MEDICINE  AND  SURGERY, 

IN  REFEKESCB  TO  THS  PIOCESS  OF  FASTGUTION. 

ILLUrrBATBD  BT 

#««  hmmdrtd  «a4  fmH^m^i^M  JLmrg^  Figmreo  •»  66  Mdthmgrmpkto  JMrni—^ 

BY  FRANCIS  H.  RAMSBOTHAM,  M.D.,  &c. 

A  NEW  EDITION,  FROM  THE  ENLARGED  AND  REVISED  LONDON  EDITION. 

In  on«  laTf  imperial  oelavo  tolumtj  well  bound. 

Fkiladdpkim,Augugt6tk,iSia. 
Ifwaia.  Lb4  k,  BL4!iaiABD. 

GnrTLaMBM:— I  have  looked  over  ihe  proofli  of  Ramibotham  on  Human  Parturition,  with  ils  important  !■- 
provemriit*.  from  tlie  new  liondon  trUnion. 

This  Work  iKeiin  no  comint-iulitiioii.fmm  me,  receiving,  as  it  doeSf  the  unanlraoan  recommenijatton  of  die 
British  periodical  pre^ff,  BN  the  •lundanl  viork  on  Midwifrry ;  ''chaste  in  language,  classical  in  composiiioiii 
happy  in  point  of  arrangement,  and  abouuriini^  in  most  interesting  illusiratious." 

Tb  the  American  public,  thereibre.it  is  mnii  vaiuuble— I'rom  its  intrinsic  undoubted  eicellence,  and  as  being 
the  beat  authorixed  exponent  of  BriiiahMtuwii'ery.  Its  cireulaiiou  will,  I  tnist,  !*«  extensive  throughout  oar 
eountry. 

'Hwre  is,  however,  a  ponion  of  Obstetric  Science  to  which  sufficient  attention,  it  appears  to  me,  has  not  been 
paid.  Through  you,  I  have  promised  to  the  public  a  work  on  this  sub|t'cl.  and  although  the  coiitmued  oceupa-* 
lion  of  my  time  and  thoughts  in  ihe  duties  of  a  teacher  and  practitioner  have  as  yet  prevented  the  fulfilroeni  of 
the  promise,  the  day,  1  trust,  is  not  distant,  when,  under  the  hope  of  being  useful.  I  shall  prepare  an  account  of 
the  MacHAMiSM  or  l<4noa,  illustrated  by  suitable  engravings,  which  may  be  regarded  aa  an  addendum  unJm 
■landard  worka  of  Ramsboiham,  and  our  own  Deweea. 

Very  respectfully,  Vonra, 

IIUUH  L.  HODGE,  M.D., 
Pro/enor  qf  ObtletrieSi  t^'C.  ^c,  in  the  I/ittcwrily  y  Fennsphania, 


PROFE880R  CHAPMAN'S' WORK8  ON  PRACTICE. 

A  COMPENDIUM  OF  LECTURES  ON  THE 

THEORY   AND    PRACTICE  OF    MEDICINE. 

DELIVERED   BY  PROFESSOR  CHAPMAN  IN  THE  UNIVERSITY  OF  PENNSYL- 
VANIA.   PREPARED,  WITH   PERMISSION,  FROM  DR.  CHAPMAN'S  MA- 
NUSCRIPTS, AND  PUBLISHED  WITH  HIS  APPROBATION, 
By  W.  D.  BlfiNBDlCT,  M.  D.    In  one  -rerjr  neat  oetavo  Tolnnte. 

This  work  contains  the  diseases  uot  treated  of  m  the  two  lollowtng. 


LIXJTURES  ON  THE  MORE  IMPORTANT  DISEASES  OF  THE 

THORACIC  AND  ABDOMINAL  VISCERA. 

Delivered  in  the  Unitrersiiy  of  Pennitjkania,  by  N.Chafmaic,  M.  D^  Professor  of  ihe  Theory 

and  Practice  of  Medicine,  die    In  one  volume,  octavo. 

I.ECTURES  O.N  THE  MORF  IMI»ORTANT 

ERUPTIVE  FEVERS,  HJJiMORRHAGBS  AND  DROPSIES, 

AND  ON  GOUT  A.ND  RHEUMATISM, 
Ddirered  in  the  UnivetaUy  otPeikw^\viLTv\iLVj^'^.^«>K^>».K^,>K«\i»x'^T^^'wi(««C  theTVoiy 
md  Praoufte  oC  ^ed\c\iwa^  ^u^  ^li^  ^  ^^^  ^^^  ^«>an^  ^^Oks^ani^ 
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A  NEW  MEDICAL  DICTIONARY. 
In  one  Yoinme^  large  12ma,  now  leadfi  at  a  low  prlca 


A  DICTIONARY  OP 


THE   TERMS    USED    IN    MEDICINE 

AVD 

THE    COLLATERAL    SCIENCES; 

BY  RICHARD  D.  HOBLYN,  A.  M.,  Oxon, 

PIR8T    AMERICAN,    FROM    TBE    SECOND    LONDON    EDITION. 

Kvnsn).  WITH  imcxKous  addrioiib, 

BY  ISAAC  HAYS,  M.  D., 

Editor  qf  tht  American  Journal  qf  tkt  Medical  Seienem, 

A  NEW  AND  COMPLETE  WORK  ON  FEVERS. 

FEVERS; 

THEIR  DIAGNOSIS,  PATHOLOGY  AND  TREATMENT. 

PREPARED  AND  EDITED  WITH  LARGE  ADDITIONS, 
FROM  THE  ES8AYS  ON  FEVER  IN 

TWEEDIE'S  LIBRARY  OF  PRACTICAL  MEDICINE, 

BY  MEREDITH  CLYMER,  M.  D., 

Prqfeuor  qf  the  Principlet  and  Practice  qf  Medicine  in  Franklin  Medical  College,  PkUadelpkia  i 
ComuUing  Phytician  to  the  Philadelphia  Hoepital  /  Fellow  qf  the  College  qf  PAyhcioiw,  fc.  ^. 

In  one  octavo  volume  of  600  p»set. 

THE  SURGICAL  WORKS  OF  SIR  ASTLE¥  COOPER. 

THE  ANATOMY  AND  SURGICAL  TREATMENT  OF 

By  SIR  ASTLEY  COOPER,  BART. 

Edited  by  C.  ASTON  KEY,  Sur^on  to  Guy'a  HospitsI,  &c. 
In  one  large  imperial  8vo.  volome,  with  over  IdD  Lithographic  Figures. 
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lUastrated  by  ISO  Figores.    From  the  Second  London  Edition. 

BY  BRANSBY  B.  COOPER,  Ebq. 
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lUuetrated  by  ffitf'Seven  Figures. 
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ANATOMY  AND  DISEASES  OF  THE  BREAST,  &0. 

THIS  LARGE  AND  BEAUTIFUL  VOLUME  CONTAINS  THE  ANATOMY  OF  TKE  BREAST 
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And  Twenty-five  Miscellaneous  Surgical  Papers,  now  first  published  in  a  collected  form. 

BY  SIR  ASTLEY  COOPER,  Bakt.,  F.  R.  S.,ltc. 
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ABERCROMUIE  ON  THE  BRAIN.  Pathological  and  Practical  Researches  on  the  Dis- 
eases of  the  Brain  and  Sprnal  Cord.     A  New  Edition.     In  one  octavo  volume,  sheep. 

ALISON'S  PATHOLOCfV.  Outlines  of  Pathology  and  Practice  of  Medicine.  In  three 
pans,  coniainitis  Preliminary  Observations,  Inflammatory  and  Febrile  Di>ea5es, aod 
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BENNF/rs  PRACTKWL  TREATISE  ON  INFLAMMATION.  ULCERATION  AND 
INDCRATION  OF  THE  NECK  OF  THE  LTEKUS.  In  uoe  bmall  ISmu.  roJame, 
cloth. 

BIRD  ON  URINARY  DEPOSITS.  Urinary  Deposits,  their  Diagnosis,  Pathology  and  The- 
rapeutical Indication^.    In  one  neat  octavo  volume,  cloth,  with  numerous  wood-cots. 

BERZELIUs  ON  THE  KIUNEVS  AND  L'KINE.  in  i  vol.  8vo..  cloth. 

BUCKLANU'S  OEOLOCiV.  Oeoloiry  and  Mineralogy,  with  reference  toNainral  Theoloflr. 
A  Bridcewaier  Treatise.    In  two  f»ciavo  volumes,  with  numerous  maps,  plates,  dec. 

BUDD  ON  DISEASES  OF  THE  LIVER.  In  one  octavo  volume,  .sheep,  wiih  bcaulifal 
colt>red  plates  arid  numerous  woodcuts. 

BRIDGE  WATER  i'KEATISES.  The  whole  complete  in  7  vols.  8vo.,  containing  Roget's 
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BARTLETT'S  PH1L05?()PHV  (»F  MEDICINE.  Essay  on  the  Philosophy  of  Medical 
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on  Health.    In  one  neat  I2m(^  vohime,  extra  cloth. 

BILLING'S  PRINCIPLES  OF  MEDICINE.  The  First  Principles  of  Medicine.  From  the 
Fourth  London  Edition.    In  one  octavo  volume,  cloth. 

CARPENTER'S  VEtJEPABLE  PHYSIOLOGY  A  Popular  Treatise  on  Vegetable  Phy- 
siolo{ry.     VYiih  ninnerous  wood>C(tts.    In  one  I2mo.  volume,  extra  cloih. 

CLATER  AND  SKlNNEirs  FARRIER.  Every  Man  his  own  Farrier.  Containing  the 
Causes,  Symptoms,  and  most  approved  Methods  oi  Cure  of  the  Diseases  of  Horses. 
From  the  28ih  Limdon  Edition.    Edited  bv  Skinner.    In  one  12ino.  volume,  cloth. 

CLATER  AND  YOLATi'S  CATTLE  DOCTOR.  Every  Man  his  own  Cattle  Doctor. 
Containing  the  Diseases  of  Oxen,  Sheep,  Swine,  dice.  Edited  by  Vouatt,  and  revised  by 
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DURLACHER  ON  CORNS,  BUNIONS.  &c.  A  Treatise  on  Corns,  Bunions,  the  Dis- 
ea'^cs  of  Nails,  nnd  ihe  General  Management  of  the  Feet.    In  one  IZmo.  volume,  cjplh. 
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ELLi^*  FORMULARY.  'J'he  Medical  Formulary,  bemg  a  collection  of  Prescriptions  de- 
rived from  the  Writings  and  Practice  of  the  most  eminent  Physicians  of  America  and 
Europe.  To  which  is  added  an  Appendix,  containing  the  usual  Dietetic  Preparations 
and  Antidotes  for  Poisons.  By  Benjamin  Ellis,  M.  D.  Eighth  Edition,  with  extensive 
Altrralions  an<l  Additions.     By  Samuel  George  Morton.  M.  D.    In  one  neat  8vo.  volume. 

ESQUIKOL  ON  INSANITY.     Mental  Maladie.s.  Considered  in  Relation  to  Medicine,  Hy- 

gi<Mie  and  Medical  Jiirispnidence.    Translated  by  E.  K.  Hunt,  M.  D.  Ac.     In  1  vol.Svo. 

GUTIIRIK  ON  THE    BLADDKF«.  d:c.    The  Anatomy  of  the  Bladder  and  Urethra,  and 

the  Treatment  of  the  Obstructions  to  which  those  passajr^s  are  liable.     In  1  vol.  8vo. 
HAKIifS  ON  MAXILLARY  SINUS.    Dissertation  on  the  Diseases  of  the  Maxillary  Sinns. 
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the  Difteases  of  the  Heart  and  Longs.  By  &•  M.  Haghes,  M.  D^  dee.  In  one  12mo. 
volume,  wiih  a  plate. 

HAS&>E*9  PATHOLOGICAL  ANATOMY.    An  Anatomical  Description  of  the  Diseases 
of  the  Organs  of  Circulation  and  Respiration.    Translated  and  £dited  by  Swaine.    In 
one  octavo  volume. 
INTRODUCTION  TO  PRACTICAL  ORGANIC  CHEMISTRY;  based  on  the  Works  of 

Brande.  Liebig  and  others.    In  1  volume,  18mo.,  paper,  price  S6  cents. 
INTRODUCTION  TO  VEGETABLE  PHYSIOLOGY.    With  reference  to  the  Works  of 
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KIRBY  ON  ANIMALS.  The  History.  Habits  and  Instinct  of  Animals.  A  Bridgewater 
Treatise.    In  one  large  volume,  8vo.,  with  plates. 

KIRBY  AND  SPENCERS  ENTOMOLOGY.  An  Introduction  to  Entomolo^;  or  Elements 
of  the  Naiural  History  of  Insects;  comprising  an  Account  of  Noxious  and  Useful 
Insects,  of  their  Metamorphosis,  Food,  Stratagems,  Habitations,  Societies,  Motions, 
Noises,  Hybernation,  Instinct,  d^c.  Ac.  In  one  large  octavo  volume,  neat  extra  cloth, 
with  plates,  plain  or  beautifully  colored.    From  the  sixth  London  Edition. 

LAWRENCE  ON  RUPTURES.  A  Treatise  on  Ruptures,  from  the  fifth  London  Edition. 
In  one  octavo  volume,  sheep. 

MAN'S  POWER  OVER  HIMSELF  TO  PREVENT  OR  CONTROL  INSANITY.  One 
vol.  l8mo..  paper,  price  26  cents. 

MAURY'S  DEN  PAL  SURGERY.  A  Treatise  on  the  Dental  Art,  Founded  on  Actual  Ex- 
perience. Illustrated  by  241  Lithographic  Figures  and  64  Wood-cuts.  Translated  by 
J.  B.  Savier.    In  1  octavo  volume,  sheep. 

MULLER*S  PHYSIOLOGY.  Elements  of  Physiology.  Translated  by  Wm.  Bayly,  M.  D., 
and  edited  and  arranged  by  John  Bell,  M.  D.    In  one  large  octavo  volume,  sheep. 

PRACTICAL  ORGANIC  CHEMISTRY.     18mo.,  sewed,  price  26  cents. 

PROUT  ON  THE  STOMACH.  On  the  Nature  and  Treatment  of  Stomach  and  Renal 
Diseases.    In  I  octavo  volume,  sheep,  with  colored  Plates. 

POPULAR  MEDICINE.  BY  COATES.    In  one  octavo  volume,  sheep,  with  Wood-cuts. 

PHILIP  ON  INDIGESTION.    A  Treatise  on  Protracted  Indigestion.    In  1  vol.,  8vo. 

PHILLIPS  ON  SCROFULA.  Scrofula,  its  Nature,  its  Prevalence,  its  Causes,  and  the 
Principles  of  its  Treatment.    In  one  neat  octavo  volume,  cloth,  with  a  Plate. 

KOGET'S  PHYSIOLOGY.  A  Treatise  on  Animal  and  Vegetable  Physiology,  with  over 
400  Illustrations  on  Wood.    In  two  octavo  volumes,  cloth.    A  Bridgewater  Treatise. 

ROGErs  OUTLINES  OF  PHYSIOLOGY.  Oudines  of  Physiology  and  Phrenology.  In 
one  larfi^e  octavo  volume,  cloth. 

RTGBY'S  MIDWIFERY.    A  System  of  Midwifery.    With  Wood-cuts.    In  1  vol.  8vo. 

RICORD  ON  VENEREAL.  A  Practical  Treatise  on  Venereal  Diseases;  with  a  Thera- 
peutical Summary,  and  a  Special  Formulary.    In  1  vol.  8vo.,  cloth. 

ROBER  rsON  ON  TEETH.  A  Practical  Treatise  on  the  Human  Teeth,  with  Plates.  One 
small  volume,  octavo,  cloth. 

TAYLOR'S  MEDICAL  JURISPRUDENCE.  With  numerous  Notes  and  Additions,  and 
References  to  American  Practice  and  Law.    By  R.  E.  Griffith,  M.  D.     In  I  vol.,  8vo. 

THE  CONNECTION  BETWEEN  PHYSIOLOGY  AND  INTELLECTUAL  SCIENCE. 
1  vol.  18mo.,  paper,  price  26  cents. 

THOMPSON'S  SICK  ROOM,  Domestic  Management  of  the  Sick  Room,  Necessary  in  Aid 
of  Medical  Treatment  for  the  cure  of  Diseases.  Edited  by  R.  E.  Griffith,  in  one  large 
royal  12mo.  volume,  extra  cloth,  with  Wood-cuts. 

TRAILL'S  MEDICAL  JURISPRUDENCE.  Outlines  of  a  Conrse  of  Lectures  on  Medical 
Jurisprudence.    Revised,  with  numerous  Notes.    In  one  octavo  volume,  cloth. 

TRIMMER'S  GEOLOGY.  A  Text  Book  of  Practical  Geology  and  Mineraloi;y.  With  In^ 
structions  for  the  Qualitative  Analysis  of  Minerals.  In  one  handsome  octavo  volume, 
extra  cloth,  with  212  Wood-cuts. 

WAL8HE  ON  THE  LUNGS.  Physical  Diagnosis  of  the  Diseases  of  the  Lungs.  In  one 
neat  12mo.  volume,  extra  cloth. 

WILLIAMS  AND  CLYMER  ON  THE  CHEST.  A  Treatise  on  the  Diseases  of  the  Re- 
spiratory Or«rans,  including  the  Larynx,  Trachea,  Lungs  and  Pleura.  With  numerous 
Additions  and  Notes,  by  Meredith  Clymer,  M.  D.    In  one  neat  8vo.  volume,  wiih  cuts. 

WILSON'S  DISSECTOR.  THE  DISSECTOR,  OR  PRACTICAL  AND  SURGICAL 
ANATOMY.  With  106  Illustrations.  Modified  and  re-arranged  by  Paul  B.  Guddard, 
M.  D.,  &o.     In  one  larj^je  royal  12mo.  volume,  sheep. 

YOUATT  ON  THE  HORSE.  The  Horse:  containing  a  full  account  of  the  Di^^eases  of 
the  Horse,  with  their  Mode  of  Treatment;  his  Anatomy,  and  the  usual  Operations  per- 
formed on  him ;  his  Breeding, Breaking  and  .Management;  and  Hints  on  his  Soundness, 
and  Purchase  and  Sale.  Together  with  a  General  History  of  the  Horse  ;  a  Dissertation 
on  the  American  Trotting  Horse,  how  Trained  and  Jockeyed,  an  account  of  his  remark- 
able performances;  and  an  Essay  on  the  Ass  and  the  Mule.  By  J.  8.  Skinner,  Assist- 
ant Postmaster-General,  and  Editor  of  the  Torf  Register.  In  one  Tolumc,  octavo,  with 
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QUARTERLY    RETROSPECT, 

▲  SUMMARY  OF  THE  IMPROVEMENTS  AND  DISCOVERIES  IN  THE  MEDICAL  SaENCES 

FoamoN  Irtbluokxci— Anatomy  akd  Piitsioloot— 1.  Qu^itell  on  Intimate  Structnre  of  Bone.  8.  MeeM 
Oo  Process  oi' Secretion.  3.  Blondtotou  the  Properties  of  the  Bile.  4.  i^atu^rif  ^c  on  Supplemeutary  Spleen, 
demih  irom  the  patieut  being  placed  in  the  tapine  position.  6.  Hobinson  on  the  Nature  and  Source  of  tha 
eonients  of  the  Festal  Sioinach.    0.  Prof.  Biichoff  on  the  Absorption  of  Narcotic  Poisons  bf  the  Lymphatics, 

Matkria  Medica  attu  Pharmacy.— 7.  Battity  on  Syrun  of  Iodide  and  Chlondf  of*  Iron.  8.  Rieord  on  Bro- 
mide ol'Potasniuni  as  n  substitute  tor  the  ludiUe.  tt.  Vbmefnieron  Santoiiine.  10.  (rwf69«r(  on  the  changes 
of  coni}K>sition  which  the  Tincture  of  Iodine  undergoes  in  keeping.  11.  Mdion  on  the  Action  of  the  Acetate 
of  Morphia  on  Children. 

Medical  Fatuulogy  aztd  TuRRAPstrTiCB  ahv  Practical  MEDiciin.— IS.  Bennitt  on  Anormal  Natrition 
and  Diseases  of  the  DIood.  13.  RMtan  on  Acute  Spinal  Myelius.  U.  Hastan  on  Curability  of  Hypertrophy 
of  the  l»eurL  15.  Crisp  on  Rupture  of  the  leA  Ventricle  of  the  Heart.  lA.  Francis  on  Aneurism  of  the  Basi- 
lar Artery.  17.  LomuartVs  Observations  on  Sudden  death*,  probably  dependent  on  Diseaws  of  the  Heart 
and  large  Blood-vessels.  IS.  Carson  on  Obliteration  of  the  Vi'na  Cava  Descendens.  19.  Thompson  on 
Treatment  of  Chronic  Bronchitis  and  Bronchial  Asthma.  W.  MUhlbauer^s  Microscopic  Researches  on  the 
Absorption  of  Pus.  21.  Bri^u^f  on  Mercurial  Ointment  in  Variola.  :ti,  £c// on  Rupture  of  Lateral  Sinus  of 
Dura  Mater.  23.  Watts  on  Tubercles  in  Bones.  :M.  Gendrin  on  Hysterical  Allecuons.  25.  CoUereau''t 
Remedy  lor  Toothache.  26.  Prof  Trousstau  on  Anatomy  of  Pneumonia  in  Infants.  27.  Volt  on  Hooping 
Cough  an  Exanthemata.  2^.  Crisp  on  In I'antile  Pleurisy.  20.  You/ on  Abscess  of  the  Brain  in  a  Child.  3Ui 
Trotiveau  on  the  Kiaploynieni  of  Nux  Vomica  in  the  Treatment  of  St.  Vitus'  Dance. 

Surgical  Patkoloot  ahd  Tuirapkcticv  and  OrsRATivi  Si'Roekt.~<)L  Prqf.  Sifma  on  Amputation  at 
the  Shoulder  Joint  for  Axillary  Aneurism.  3i.  ^VhippU  on  Amputation  at  the  Hip  Joint.  33.  Prof.  Ehr- 
wusnnon  Successful  Extirpation  oi  a  Polypous  Tumour  of  the  Larynx.  34.  BeUingham  on  Compression  in 
Aneurism.  35.  Orr-s  Case  of  Tracheotomy.  30.  Holma  Coots  on  Cancer  of  the  Breast  in  the  Male.  37. 
J^rf  on  Gunshot  wound  of  the  Lung,  where  the  ball  loiiged  filly  years.  3^  On  the  Employment  of  Iodide 
of  Potassium  in  the  Treatment  of  Syphilis.  30.  ApplicAtiun  of  ice  in  thn  treatment  of  injuries.  40.  Lenoir  otk 
Ununited  Fracture  successfully  treated  by  Acupancturaiion.  41.  Pmf.  Hyrne  on  Amputation  ol  the  Thigh. 
4:1.  Curling's  CA»e  of  Fatal  Internal  Strangulation  caused  by  a  cord  prolonged  from  a  Diverticulum  of  the 
Ileum.  43.  Golding  Bird  and  John  Hilton  on  Case  of  Internal  Strangulation  ot'  luif^siine  relieved  by  Opera- 
tion. 44.  FffiruMon  on  Strangulated  Congenital  Hernia  in  an  infant  seventeen  days  old,  requiring  opera- 
tion. 45.  Gutrsantj  Jr.^  on  Surgical  Treatment  of  Croup.  40.  Qeoghtgan  on  Partial  Amputation  of  the  Foot. 
47.  Report  of  a  Committee  of  the  Surgical  Society  of  Ireland,  relative  to  the  use  and  eflfects  of  Sulphurie 
Ether. 

Ophthalmology.— 4fl.  Prof.  Jacob  on  Foreign  Bodies  in  the  Eye.  49.  Dtron^s  Remarkable  Case  of  IrOaiy 
of  the  Eye.  6U.  Szokaiski  on  Obscurations  of  the  Cornea  in  their  Histological  relations  with  reference  to  tha 
Practice  of  Ophthalmic  Surgery.    51.  BtmcMsiit  on  Amnuro  sis  from  Hydatid  Cyst  in  the  Brain. 

MiDWifERY.— 52.  lt06J9uri  on  Remarkable  case  of  spontaneous  rupture  of  the  Uterus  during  labour— >Ra- 
eovery.  S3.  L*  Chaptoii*  Case  of  Vaginal  Entoro-hy«terocele  reduced  by  taxis,  and  maintained  in  placa 
by  the  introduction  of  sponges  in  the  Vagina,    54.  KuKne  on  Rupture  of  the  Uterus— abdominal  section— 

Cause 
patient 


by  the  introduction  of  sponges  \n  the  Vagina,    54.  Kuhne  on  Rupture  of  the  uterus— abdominal  scctior 
recovery.    55.  Czajewski  on  Wound  of  the  Gravid  Uterus— premature  delivery —peritonitis— recovery. 
JfcnneXf  on  Inflammatory  Ulceration  of  the  Cervix  Uteri  during  Pregnancy,  and  on  its  Influence  as  a  Cai 
of  Abortion.    57.  Ciesarian  Operation  performed  by  Mr.  Skey,  at  St.  Bartholomew's  Hospital,  the  pati< 
being  rendered  insensible  by  ether.    56.  Pochhammtr  on  Congenital  protrusion  of  the  Liver  through  the 
iiinbil teal  ring.    50.  Cusarian  Section.    60.  iiovx  on  Lacerated  Pe 


M.  Bmks  on  foisons.  Ud.  ueiirium  iremens  in  an  luiant.  «o.  Jtiamtuon  on  ine  r«cniies  sutier 
DMjiaftf«icron  Vapours  of  Phosphorus,  Lucifer  Matches.  G9.  7%oi/ip«on  on  the  mode  of  testing  the 
of  minute  quantities  of  Alcohol.  60.  Invalidity  of  a  Contract  made  by  a  Lunatic.  7U.  Procuringof. 
71.  LfpageU  Case  of  Poisoning  by  Arsenic  relieved  by  the  use  of  Magnesia,    72.  Sale  of  Poisoi 


umbilical  ring.  50.  Cusarian  Section.  60.  iiovx  on  Lacerated  Perineum.  01.  I^paui  on  Asphyxia  neona- 
loram.    62.  hUneke  on  Diet  in  InAmcy. 

Medical  JuRi5PRtrDE?rcs  and  Toxicot^oY.— 03.  Taylor  on  Contested  identItT  determined  by  the  teeth. 
64.  B40k4  on  Poisons.    05.  Delirium  Tremens  in  an  Infant.    60.  JHamillon  on  the  Kchites  Suberecta.    07. 

the  presence 
J  of  Abortion. 
Poisonous  Sub- 
■lances. " 

Medical  Editcatiotc.— 73.  The  Edinburgh  Statutes  regarding  the  Degree.  74.  Medical  Organisation  in 
Spain. 

FoREioN  CORRXBPOXDXXCE.— Letters  to  the  Editor  from  London.  Sulphuric  Ether  in  Surgical  Opcrationi 
M  Vienna. 

Americas  Isttbllioexcb- Original  Commuxicationb.— FarX^an'j  Anatomical  Anomaly.  2VMr*j  Ante- 
▼ersion  of  the  Womb  with  adhesion  of  Os  Uteri  to  body  of  4th  Lumbar  Vertebra,  Ac. 

Domestic  StrxMARY  —Beck  on  Eflects  of  Mercury  on  the  Young  Subject.  Brainard  on  Ampntaiion  for 
Scrofulous  Diseases  of  the  Joints.  Baker  on  Case  of  Vicarious  Menstruation  from  an  Ulcer  on  the  right 
Mamma.  AUen  on  Singular  case  of  laceration  of  the  Broad  Ligaments.  SPLean  on  Blindness  caused  by 
the  use  of  Sulphate  of  Quinine.  Harrison's  Speculations  on  the  Cause  of  Yellow  Fever.  Herriekon  Foreign 
Bodies  in  the  Organs  and  Tissues  of  the  Body.  SweU  on  Case  of  F.mpyema  in  which  the  operation  for  Para- 
ecnteeis  Thoracis  failed  from  a  cause  not  generally  noticed.  APPheeUrt  on  Rheumatism,  with  Hynertrophy 
of  both  eyes.  Drap§r  on  the  Cause  of  the  Circulation  of  the  Blood,  Little  on  Ischuria  Renalis.  Hogan  on 
Strychnine  in  Chorea.  Deadcrick  on  Excision  of  the  Inferior  Maxillary  Bone  for  Oslco-Sarcoma.  Cain  on 
Imperforate  Prepuce.  Couper  on  Medical  Schools  of  the  United  States.  Warren  on  Inhalation  of  FUher. 
Surufdl  on  Absence  of  one  Kidney.  Brainard  on  Dislocation  of  the  Elbow.  Oilman  on  Presentation  of 
Ihe  shoulder,— prolapsed  Cord,— coni  not  pulsating,  yet  child  Itorn  alive.  National  Medical  Convention. 
Delegates  to  National  Medical  Convention.  Arrangements  for  the  Meeting  of  the  National  Medical  Con- 
vention.   Resignation  of  Professor  Warren.    New  Medical  Books. 

LEA  &  BXsAVOHABD,   FkOadelpkia. 

TBB  TZIBLM8  ARZI 

Fbr  the  Medical  Journal  and  the  Medical  News,  if  paid  for  in  advance,  (owing  to  the  time  of 
issuing  this  advertisement,  this  year,  amoanu  remitted  before  the  first  of  Judy  will  be  con- 
sidered in  advance,)  ,---------    Fire  Dollnn. 

For  the  Journal  only,  when  ordered  wlihoat  funds,  or  when  paid  for  after  the  firat  of  Jnly,         Fitc  Dollara 

For  the  Medical  News  only,  to  be  paid  for  free  of  postage,  and  always  in  advanee,  •      One  Dollar 

mr  In  no  case  can  Ihe  News  be  sent  without  pay  in  advance.,£;i| 
%}r,  persons  sending  Ten  Dollara,  before  next  July,  can  haTe  both  the  Joamal  and  Ihe  News  for  IP47  and 

lM>:i,  toaether  with  nine  numbers  of  the  News  for  lb46,  containing  the  ftrat  888  pngea  of  Tbdd  and  Bow- 
n^a  Physiology. 
rkUmdtlphus,Mmpf  1817 
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Two  Medical  Periodioals  ftr  Five  Dollan  a  Tear. 

ONE   GIVEN   GRATI8. 

THE 

AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES 

EDITED  BY  ISAAC  HAYS,  M.  D., 

18  PUBLISHED  QUARTERLY,  ON  THE  FIRST  OF  JANUARY,  APRIL, 

JULY  AND  OCTOBER. 

The  namber  for  Juiaarr  lut  contained  over  THREE  HUNDRED  large  ocuto  psfea,  with  two  pUtcf; 
that  for  April  consiited  or  two  hundred  and  teveniy'two  pagvs.  lUiutrationi  on  copper,  Mono,  wood,  Jtc 
•re  freely  fiven,  wherever  required,  a»d  the  whole  ii  printea  on  fine  white  paper,  witk  clear  type. 

ALSO, 

THE  MEDICAL  NEWS  AND  LIBRARY, 

A  MONTHLY  PERIODICAL  OF  THIRTY-TWO  LARGE  OCTAVO  PAGES, 

WITH  NUMEROUS  WOOD-CUTS, 

Is  gives  gratia  to  aabaeribera  to  the  Journal,  who  pay  in  advance  Five  Dollariy  free  of  eipennM 

the  pubiiahera. 

It  will  thna  be  teen  that  aubscrihera  obtain  about  FIFTEEN  HUNDRED  large  aizcd  and  aolid  oerxn 
pagea  per  annum,  illuetraied  with  fine  engiavinRi  on  wood,  &c.,  for  the  low  price  of  Five  DoUara  a  veil 
rendering  thcae  altogether  among  the  Clil^PEST  MEDICAL  PERIODICALS  PUBLISHED. 

The  Medical  Joamal  ia  now  in  the  twenty-ninth  year  of  ita  exiatenre,  daring  the  whole  4>f  which  tiiaa  t 
haa  commanded  the  approbation  of  the  proietnion  at  home  and  abroad.  Appearing  qaanerlyf  iu  ot^t  u 
to  fnmtah  iu  readers  with  a  full  and  accurate  resumd  of  all  interesting  investigations  and  discoveries  msdt 
danng  the  inlervais,  together  with  a  choice  selection  of  original  papera.  To  thia  end,  ita  pagea  are  firi 
devoted  lo 

ORIGINAL  COMMUNfCATIONS, 

from  eorrespondenu  in  all  nans  of  the  Union,  among  whom  it  haa  nnmbered  a  lane  proportion  of  the  pro 
ninent  memlwrs  of  the  profession  for  many  years  past:  it  then  furnishes  REVUE'S  and  BIBUOGBA 
PHICAL  NOTICF*S  of  all  nnw  works  of  interest :  and  laatly,  it  presenu  a  very  fall  and  extended  QUAB 
TERLY  SUMMARY,  coiititiingof  a 

RETROSPECT  ANH  ABSTRACT 

OF  THE  PR06RESS  OF  THE  MEDICAL  SCIENCES, 

CAREFULLY  COLLECTED  FROM  ALL  THE 
FOREIOM    AND    DOMESTIC    JOVRBTAI^S. 

This  department  is  considered  so  practically  useful,  that  no  exertion  is  spared  to  render  it  as  complete  a 
possible,  so  that  Imih  in  extent  and  variety  it  may  compare  with  any  publications  of  a  similar  kind.  Tkt 
shorter  periods  at  which  this  journal  appears,  enables  us  to  aniicipate,  by  several  months,  from  the  origins 
sources,  a  large  portion  of  the  intelligence  contained  in  the  scmi-annnal  publications  of  BR  AITIIWAITI 
and  RANKLNU,  and  the  Annual  Reports  in  the  BRITISH  AND  FOREIGN  MEDICAL  REVIEW,  DUB 
LIN  MEDICAL  JOURNAL,  ftc,  and  whateverof  value  is  found  in  them,  of  which  the  original  account! 
have  not  reached  u*,  is  at  once  taken  and  laid  before  our  readers  ^besides  much  AMERICAN  INTELU 
GENCE,  which  is  not  likely  to  find  its  way  across  the  Atlantic.  The  arrangements  of  the  publishers  for  ib4 
supply  of  thisdeparlmcnLhy  purchase  and  exchange,  are  very  extensive,  embracing  the  principal  Periodical 
of  GREAT  BRITAIN,  FRANCE.  GERMANY,  DENMARK,  ITALY,  the  EAST  Hf DIES,  &c.,  besidci 

ALL  THE  AMERICAN   JOURNALS: 

And  eapeeial  attention  will  be  given  to  make  it  as  complete  a  digest  as  possible,  of  ail  the 

IMPROVEMENTS  AND  DISCOVERIES  IN  MEDICAL  SCIENCE. 
Beaidea  thia,  anbscribers  have  the  advantage  of 

TBB   MOXTTB&'S'   TtUVTB, 

Which  furnishes  the  lighter  and  floating  information,  and  embraces  important  books  for 

The  Library  Department. 

The  vrork  now  passing  through  its  columns  is 

TODD  AND  BOWMAN'S 

PHYSIOLOfilCAL  ANATOMY  AND  PHYSIOLOQY  OF  MAN^ 

WITH  mmmi  ur6K  and  beadtifdi  wooiMmn. 

Eaeh  work  in  the  LlbTary  Va  TefaVaiVf  VH^  ^  an  >a  b«  Vtund  separately. 
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